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4BSTRACT
The first section of this thesis deals with 
the description of a new haemoglobin, haemoglobin I.
It was found in a family of Cornish, Scottish and 
French ancestry and the familial occurrence of a new 
haemoglobin is the first reported in white people. 
Haemoglobin I differs from all other abnormal human 
haemoglobins previously described in that it has a 
different mobility from haemoglobin A on filter paper 
electrophoresis but the same mobility during boundary 
electrophoresis. These anomalous facts are explained 
when paper chromatography of the haemoglobin is per­
formed, Haemoglobin I had a distinctly different Rf 
value from either haemoglobin A or haemoglobin F, the 
only two types of haemoglobin which were available 
for comparison in Australia and the latter two were 
poorly distinguished from one another by this tech­
nique.
The finding of a different Rf value for 
haemoglobin I on paper chromatography made it clear 
that adsorption during filter paper electrophoresis 
allowed separation of this haemoglobin from haemo­
globins A and F.
The presence of this haemoglobin in affected 
members of the family produced a syndrome resembling
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Cooleyrs anaemia and the inheritance, as far as could 
be studied, was as a Mendelian dominant in the presence 
of a thalassaemia trait. The individuals with virtually 
homozygous haemoglobin I had anisocytosis, poikilocytosis, 
target cells and increased osmotic resistance of their 
red blood cells in addition to anaemia. One pregnancy 
was observed and this appeared to have a deleterious 
effect on the haematological picture of the mother 
and the anaemia in the infant was most severe in the 
neonatal period.
It is suggested that a thorough search should 
be made for an abnormal haemoglobin in all cases of 
haemolytic anaemia of obscure origin. Further, that 
Cooley*s anaemia is a disease of people about the 
Mediterranean or their descendants and that instances 
of so-called Cooley*s anaemia in other races probably 
represents an expression of some other abnormal 
haemoglobin such as haemoglobin I.
Haemoglobin I was discovered during the course 
of a study on the nature and metabolism of methaemal- 
bumin, a description of which forms the second part 
of this thesis. Methaemalbumin was described in 
19^1 by Fairley and apart from some quantitative 
work carried out by Rosenfeld and Surgenor (1950),
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very little has been added.
A new method for the study of methaemalbumin 
and related pigments has been introduced in these 
investigations. Separation of the pigments in plasma 
is affected by filter paper electrophoresis and their 
presence is revealed by benzidine spraying. This 
method has been adapted for quantitative estimation*
This second part of the thesis initially 
deals with the site of production of methaemalbumin 
in man and this appears to be the plasma. The union 
of oxidised haem to albumin could be either enzymatic 
or due to a greater avidity of albumin than globin 
for the haem once haemoglobin is released into the 
circulation. Evidence is presented in favour of the 
latter concept and investigations into the possible 
receptive groups of albumin were carried out. By 
use of more or less specific binding agents, tyrosyl, 
imidazole and sulphydryl groups were separately 
coupled with inorganic ions or elements having high 
association constants. It was found that the free 
sulphydryl groups of albumin, found only in the 
mereaptalbumin fraction, were concerned in the 
formation of methaemalbumin. Complete coupling 
of these end groups inhibited its formation.
The fate of methaemalbumin in man was studied
by radio-isotope technique. The albumin was labelled 
111with I J and methaemalbumin was then synthesized.
This preparation was injected and the rate of disapp­
earance of haem and albumin studied. Haem disappear­
ance was rapid but the half life of the albumin was 
within the normal range. These findings indicated 
that haem was removed from the albumin which then 
continued on in the circulation in a normal fashion.
It is suggested that the haem is removed by the 
reticulo-endothelial system.
Fairley was only able to demonstrate meth- 
aemalbumin formation in monkeys and man. A search, in 
these investigations, for further species with albumin 
capable of methaemalbumin production, revealed that 
plasma from the opossum ('Trichoaurus vulnicula) 
formed methaemalbumin in vivo and in vitro and 
another haem pigment in the cf\2 globulin ran^e.
The species variation with regard to methaemalbumin 
synthesis is not surprising when species specificity 
of proteins, including plasma protein, is considered. 
This argument is further supported by the experiments 
on protein end groups as these groups are known to 
vary from species to species.
That methaemalbumin is not the only pigment
-vi-
formed from haemoglobin in the plasma in man was
vii -
shown by application of the filter paper electro­
phoretic method mentioned above.
An o ( 2 globulin with an affinity for haem 
was demonstrated in 38.3$ of the population. This 
union of haem and o(2 globulin was sufficient to allow 
detection by benzidine spraying after electrophoresis 
but was insufficient to alter the alkaline haematin 
titration figures when compared with normal plasma. 
There was no difference between the spectrum of plasma 
containing methaemalbumin alone and methaemalbumin 
together with haematin - p(2 globulin. Schumm’s 
test was similarly unaltered.
These data confirmed the validity of Rosen- 
feld and Surgenor's (19?2) method of determining 
albumin concentration by addition of alkaline haem­
atin to human plasma.
Fairley (19^1) was unable to detect methaem­
albumin in human urine, but its presence has been 
demonstrated by paper electrophoresis and is described 
in this thesis. These investigations did not 
elucidate the mechanism of its appearance.
Haemoglobinaemia and haemoglobinuria were 
repeatedly observed and induced in man during 
experiments on methaemalbumin and the new pigment
- vili
haematin-c< globulin. Examination of the data 
from these experiments revealed that plasma protein­
uria was a simultaneous accompaniment of haemoglobin­
uria. Evidence is offered to show that, in the initial 
stages, at least, haemoglobinuria per se produces 
minimal renal damage and probably does not increase 
glomerular porosity. Proteinuria disappeared at 
about the same time as haemoglobinuria and it is 
considered that structural damage should not so 
readily be repaired. On the basis of these obser­
vations it is proposed that protein is normally 
filtered by the glomerulus. Proteinuria occurs 
with haemoglobinuria either because the total 
amount of protein presented exceeds the capacity 
of the tubules to reabsorb it or because haemo­
globin, or one of its products, interferes with 
plasma protein reabsorption. If such an hypothesis 
is accepted then the presence of proteinuria in 
man is simply explained on the basis of load and 
capacity to reabsorb protein in the kidney.
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Erellmlnary remarks;
During the course of these studies a haemo­
globin was discovered with physical characteristics 
different from all others previously described.
This haemoglobin was called haemoglobin I and was 
associated with a familial haemolytic anaemia. The 
family studied was of Cornish, Scottish and French 
extraction and so this is the first report of a 
totally new haemoglobin in a white family with the 
exception of one instance of haemoglobin C in an 
Italian.
Since Pauling characterised haemoglobin S in 
19*+9 and Neel (19^9 and 1951) indicated the genetics 
of sickle cell anaemia and sicklemia, increasing 
interest has been taken in the role of other abnormal 
haemoglobins in the pathogenesis of certain persisting 
haemolytic anaemias. As many of the first reports of 
new haemoglobins arose from studies of patients with 
haemolytic anaemia of obscure origin, it would seem 
that such cases should be "screened" for the presence 
of an abnormal haemoglobin. The simple technique 
of filter paper or zone electrophoresis usually 
provides a suitably effective method of identific­
ation. This section of the thesis concerns the 
report of a new haemoglobin and its association with 
red cell abnormality.
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It seems pertinent to preface the actual 
description of the characterisation of the new 
haemoglobin with some preliminary sections on the 
problem of the abnormal haemoglobins in general.
It is, for instance, germaine to examine the 
relationship of haemoglobin to other components 
of the red cell and to determine as far as possible 
the influence of the nature of the haemoglobin on 
red cell survival,
A variety of techniques have been used in 
the study of abnormal haemoglobins and these are 
subsequently reviewed and evaluated.
The information available on the eight 
human haemoglobins so far described, is then 
discussed and the details of the present study 
follow under the heading of "An Inherited Haemolytic 
Anaemia Associated with a New Haemoglobin".
The influence of the nature of haemoglobin on the
J i a a l a t a w ie s>& . s o i l ;
The structure and integrity of the red cell 
depends upon a variety of substances predominantly lipid 
and protein in nature. The red blood corpuscle is 
unique in that it does not have a cell wall such as 
is possessed by most other cells. The red cell can 
preliminarily be more or less likened to a membrane 
covered balloon. This is well shown by the behav-
- 1+ -
iour of red cells in hypotonic solution when their 
contents flow out into the surrounding medium but 
actual destruction or lysis of the cell does not 
occur and red cell shadows or ghosts remain. The 
total lipid content of the red cells is identical 
with that of the ghost (Parpart and Ballantine,
1952). The lipids are cholesterol and phospho­
lipids with only 5% of the lipid present being 
unaccounted for and probably existing as cerebrosides 
or neutral fat. Also present in these ghosts is 
a considerable quantity of protein. The protein 
constitution of the red cell membrane can be divided 
electrophoretically into three components, component 
a, which is stromin and can be further subdivided by 
extraction techniques; the b component, or so-called 
S protein and the third component, haemoglobin 
(Moskowitz and Kalvin, 19?2). It is thus of import­
ance to note that haemoglobin does exist as part of 
the structure of the red cell membrane. One of the 
fractions of component "a" present in the red cell 
membrane with haemoglobin is one of the largest 
proteins in the body, elinin. It has a molecular 
weight of *K) million and is a lipid carbohydrate 
protein complex containing 8% nitrogen and 1.7% 
phosphorus (reference as above). The blood group 
factors are resident in this protein and the protein
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is wound about the red cell rather like a piece of 
twine about a ball.
Haemoglobin does exist in the surface layer 
of the human red cell. However, if one compares the 
content of haemoglobin and lipoprotein present in the 
surface and in the interior of the cell an inverse 
relationship of a considerable order is found to 
exist. Haemoglobin content peripherally is low and 
that of lipoprotein is high, while the reverse 
rapidly comes to apply after the surface layer has 
been left. Haemoglobin is the major protein constit­
uent of the interior of the cell and the haemoglobin 
molecules are juxtaposed in the most intimate fashion. 
25% of the total volume of the red cell is occupied 
by haemoglobin. It follows from the preceding that 
although casual inspection of the most important 
role of haemoglobin in the red cells is the transport 
of oxygen and its discharge to the periphery, none­
theless it forms an integral part of the structure 
of the red cell itself,
Pauling was the first to offer good evidence 
that the nature of the haemoglobin was responsible for 
the changes observed in the red cells of individuals 
who were suffering from either sickle cell anaemia 
or sicklemia. He suggested that the globin rather
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than haem was different, totally or in part, in 
these two conditions and that this physical alter­
ation in the nature of the globin was responsible 
for the behaviour of these red cells when exposed 
to low partial pressures of oxygen. If an actual 
physical alteration of the haemoglobin molecules 
under such conditions could be demonstrated then, 
with the foregoing knowledge thnt haemoglobin forms 
such an integral part of the structure of red cells, 
it would be reasonable to postulate that morpholog­
ical change in the outline of the red cell could 
follow* This was in fact demonstrated by Pauling
g t - a i  (19^9).
This work of Pauling and his associates 
stimulated great interest in the abnormal human 
haemoglobins and to date the following have been 
described - haemoglobin C, D, E, F, G, H, and S. 
When an abnormal haemoglobin is present, or foetal 
haemoglobin (haemoglobin F) is found after the age 
of two years (Singer et alT19S~l)T a haemolytic 
anaemia may occur* In some instances haemolysis 
only occurs if all the haemoglobin of the red cell 
is of the abnormal type, for example in sickle cell 
disease when homozygous haemoglobin S is present. 
Other reports have indicated that the red cell may
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be abnormally susceptible to destruction by the retie- 
ulo-endothelial system if varying proportions of an 
abnormal haemoglobin are present with normal adult 
haemoglobin A (Ranney, Larson and McCormack, 19?3)» 
This is not unreasonable when one considers that 
the cells of an individual with sickle cell trait, 
containing a mixture of haemoglobin S and haemoglobin 
A in the proportions of b0% and 60$ respectively 
(as determined by boundary electrophoresis on pooled 
sicklemic carbonmonoxy-haemoglobin (Pauling, 19*+9)) 
are altered morphologically when exposed to very low 
oxygen tensions. A greater depression of the partial 
pressure of oxygen is needed to produce a similar 
degree of sickling to that seen in individuals with 
sickle cell anaemia. The tendency to morphological 
alteration is present and will be manifested if the 
stimulus is great enough. Furthermore individuals 
with mixtures of haemoglobins A and S are not totally 
immune to pathological changes since they frequently 
have a mild degree of anaemia, and they may suffer 
from splenic infarction during high altitude flying 
(Conn, 195*0» Thus it would seem that the degree 
of alteration in fragility of the red cell in the 
exclusive or partial presence of an abnormal haemo­
globin is more important than the homogeneous or
heterogenous nature of the haemoglobin present in 
the cell.
-  8 -
Most of the reports of abnormal haemoglobins 
have been in red blood cells obtained from coloured 
races. They have been described in Africans, Indians, 
Singalese, Malayans, Chinese and abnormal haemoglobins 
have been described in the olive-skinned people of 
the Mediterranean who may be included in this category 
of races.
Review of techniques used to identify abnormal 
haemoglobins:
Electrophoresis of the free cell type 
originally described by Tiselius was the first and 
until recently remained the most popular method of 
identification. This method and preparation in 
cacodylate sodium chloride buffer was used by 
Pauling et al in their classical description of 
sickle cell anaemia and sickle cell disease, 
delightfully sub-titled Ma molecular disease", 
in 19^9.
Good separation of mixtures can be obtained 
if the net charged densities of the constituent 
molecules are sufficiently different^ to allow the 
resolution of two refractive peaks. To emphasise 
such differences buffers are frequently used very 
close to the iso-electric pH of haemioglobin, An 
elegant modification of this method was described
by Hoch (19*+9)> which in essence used compensation 
on the ascending limb when about one-third of the 
height of the limb had been traversed by the migrating 
front so that separation could be achieved over what 
amounted to a much greater separation distance.
This compensating method allowed of the separation 
of very closely electrochemically related haemo­
globins.
Filter paper electrophoresis has found 
increasing favour in the identification of abnormal 
haemoglobins and is exemplified by the work of 
Smith and Conley (1953). Although variable results 
have been obtained using this method by some authors, 
the experience of Smith and Conley is partly in 
keeping with that of the author who found that 
mixtures of haemoglobins frequently led to the 
observation of mobilities intermediate between the 
actual mobilities of the two haemoglobins when run 
separately. Two of the outstanding differences 
between filter paper or zone electrophoresis and 
electrophoresis carried out in a free system using 
the boundary technique are possibility of adsorption 
of the protein molecule to the paper surface and the 
minimal importance of convection effects (Block,
Durrum and Zweig, 1955).
-  9 -
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The ultracentrifuge has not been of great 
assistance in the characterisation of these abnormal 
haemoglobins, almost certainly because their differ­
ences in molecular weights and axial ratios are insuff­
icient to allow separation in a centrifugal field.
The absorption spectra of the haemoglobins 
have been examined but this technique is of more use 
in the study of haemoglobin F.
Crystallography has also been performed,
THK .HUMAN HAEMOGLOBINS; A brief .review:
The classification of the varieties of human haemo­
globins :
The increased interest in human haemoglobins 
has led to considerable investigation and some 
confusion in nomenclature has occurred after the 
separate description of the same haemoglobin by 
different workers. In 1953» at a meeting of the 
Haematology Study Section of the Division of 
Research Grants of the National Institute of 
Health, immediate consideration was given to this 
problem* Chernoff, Fisher, Harris, Itano, Kaplan, 
Singer and Neel ( 1953) > participated in this symposium 
and suggested that the five varieties of human 
haemoglobin thus far identified should be desig­
nated as follows:-
11
Ml) Normal adult haemoglobin or haemoglobin A, 
previously referred to as haemoglobin N, or 
haemoglobin a. As subvarieties of normal 
adult haemoglobin are recognised, they can 
be designated haemoglobin Aj, haemoglobin 
A2 etc.
2) Normal foetal haemoglobin, or haemoglobin
F, previously also referred to as haemoglobin 
f. Again, with the discovery of normal 
subvarieties they can be designated haemo­
globin Fi, haemoglobin F2 etc..
3) Sickle cell haemoglobin, or haemoglobin S, 
previously also referred to as haemoglobin b.
b ) Haemoglobin C, previously referred to as 
haemoglobin c, haemoglobin III, or haemo­
globin X.
5) Haemoglobin D, previously referred to as 
haemoglobin d. 11
It was further suggested by this symposium 
that, unless a characteristic abnormality of the 
haematological picture or a clinical syndrome 
strongly suggested the naming of haemoglobin 
such as occurred in the sickling process and haemo­
globin S, henceforth any new haemoglobins should be 
classified in order of their discovery beginning 
with haemoglobin E. Fortunately such a practice has
12  -
been followed and haemoglobins E, G, and H have since 
been described*
A:
Haemoglobin A is the haemoglobin which is 
found in normal adult red cells. It makes its 
first appearances in the foetus at or after the 
32nd week and its proportion continues to rise 
steadily but some foetal haemoglobin can be found 
up to the age of two years (Singer et alT 1951)•
It is alkaline labile, has a characteristic electro­
phoretic mobility and in cacodylate buffer moves at 
2#9 x 10“? cm^ volt'-l- sec"1. Normal adult red 
cells do contain a very small and variable amount 
of alkaline resistant haemoglobin, a characteristic 
of foetal haemoglobin. According to Singer (1951) 
this does not exceed 2% of the total and the majority 
fall between 0,5 and 1.5$. If this fraction repres­
ents persistence of haemoglobin F, then it is not 
detectable by present physical methods.
Haemoglobin A is not in itself associated 
with any abnormality of the red cell and as indicated 
earlier its distribution is uniform throughout the 
cell and it has freedom of rotation. The physical 
arrangement of the haemoglobin in the cell is not
-  13
altered by rendering the haemoglobin reduced by 
exposing the cells to low partial pressures of 
oxygen and, with the exception of red cell abnor­
malities such as spherocytosis and ovalocytosis, one 
can expect cells which contain only haemoglobin A to 
have a normal biconcave disc structure, be perfectly 
flexible, be non-birefringent and of normal osmotic 
fragility. Again, excluding abnormalities of the 
red cell not directly associated with the nature of 
the haemoglobin, such red cells containing haemo­
globin A will have a normal life span*
Haemoglobin A may be found in association 
with other haemoglobins within the same cell* 
Itemoglobins A and F are found in thalassemia major,
A and S in sickle cell trait, C and A in C trait, and 
so on.
BAS m QjHN ■§;
It was knowifor some time that about 8% of 
American Negroes had red cells which underwent char­
acteristic changes when exposed to low partial press­
ures of oxygen. These changes were characterised by 
alterations in shape and the normal biconcave disc 
was replaced by crescents, holly wreaths, and other 
forms, and the term "sickling" was applied. In 
only a small proportion of these 8% did the sickling
- lb -
process reach such a degree as to cause a severe 
chronic haemolytic anaemia which was called sickle 
cell anaemia (Emmel, 1917). Individuals whose 
cells were capable of sickling but who did not 
suffer from any severe degree of anaemia were 
spoken of as having sicklemia. In vivo it was 
found that the cells from such individuals required 
much lower tensions of oxygen to produce sickling 
than cells from individuals suffering from sickle 
cell anaemia. Only 1% of red cells present in the 
venous circulation of individuals suffering from 
sicklemia were found to sickle as opposed to some 
30 - 60% of the erythrocytes of individuals suffer­
ing from sickle cell anaemia. It remained for 
Pauling and his associates (19^9) fully to character­
ise the disease. When Pauling published his classical 
paper in 19^9, there was evidence to suggest that the 
defect in sickle cell anaemia and sicklemia did not 
lie in the red cell as a whole but rather lay in 
the state and nature of the haemoglobin in the 
erythrocyte. This contention was supported by the 
fact that when sickle cells were lysed with distilled 
water they gave rise to normal discoidal ghosts 
(Ponder, 19*+7). It had also been observed that 
red cells prior to sickling (promeniscocytes) cont­
ained haemoglobin which was uniformly distributed
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and randomly arranged, also that these cells were 
not biréfringent and were quite flexible. Such 
red cells only existed when they were exposed either 
to high tensions of oxygen or to carbon monoxide.
When the latter were removed, the haemoglobin was 
neither coupled with oxygen nor carbon monoxide 
but was reduced haemoglobin and it aggregated itself 
into one or more foci in the red cell which collapsed 
and became biréfringent. It can be assumed that 
such altered cells are more easily destroyed by 
the reticuloendothelial system than are the flexible 
cells prior to sickling. These findings strongly 
suggested that the haemoglobin of these cells was 
causing sickling. With such a background Pauling 
and his associates decided, therefore, to examine the 
physical and chemical properties of the haemoglobins 
of individuals with sicklemia and sickle cell anaemia 
and to compare them with the haemoglobin of normal 
individuals to determine whether any significant 
difference existed. Pauling*s work involved the
electrophoretic examination of carboxyl haemoglobin, 
uncombined haemoglobin with dithionite ion and 
finally carboxyl haemoglobin in the presence of 
dithionite ion, such experiments being designed to 
overcome any interference of dithionite ion with
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the electrophoretic behaviour of the haemoglobins 
under study.
The haemoglobins were prepared by the method 
of Lrabkin (1949) and standard preparation for electro­
phoresis was carried out. Electrophoresis was con­
ducted in a free cell with potential gradients of 
4*8 - 8.4 volts per centimetre and runs conducted 
for 6 - 20 hours at different pH using various 
buffers.
It was found that differences in electro­
phoretic behaviour existed particularly at a pH of 
6.9 in phosphate buffer with an ionic strength of 
0.1. Under such circumstances haemoglobin from 
sickle cell anaemia moved as a positive ion while 
haemoglobin from normal individuals behaved as a 
negative ion* Both preparations appeared to be 
homogeneous electrophoretically. Isoelectric 
determinations revealed that carboxyl haemoglobin 
had a pH of 6.87 and sickle carboxyl haemoglobin a 
pH of 7*09* No difference existed when the iso­
electric pH of ferro haemoglobin both normal and 
from sickle were examined. In cacodylate buffer 
the average mobility achieved with sickle cell
carboxyl haemoglobin was 2.63 x 10 and normal
-5 2 -1 -1carboxyl haemoglobin 2 . 2 3 x 10 cm sec volt •
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Considering the genetic evidence in sickle 
cell anaemia it was of interest to note that electro­
phoresis on haemoglobins from all individuals with 
sicklemia had approximately equal amounts of haemoglobin 
S and normal haemoglobin. Such pooled haemoglobins 
when compared with artificial mixtures of haemoglobins 
derived from sickle cell anaemia patients and normals, 
verified the fact that the second component in the 
sicklemias was identical with the haemoglobin found 
in sickle cell anaemia. 39$ of the haemoglobin found 
in individuals with sicklemia was found to be identical 
with that found exclusively in individuals with sickle 
cell anaemia and electrophoretically such pooled 
haemoglobins compared well with artificial mixtures 
of haemoglobins S and A in proportions W0:60.
Studies were continued into the nature of the 
difference between these two haemoglobins. The porphy­
rins from normal and sickle haemoglobin were studied 
as the dimethyl esters and were found to be identical 
by X-ray powder photography, melting point and mixed 
melting point. Regarding the globin, it was thought 
that the electrophoretic differences, which were not 
the same throughout the whole pH range, and the 
isoelectric pH shift could not be explained on a purely 
structural or frictional basis. Neel (19^ 9) was able to 
show that the globins from haemoglobin S and haemoglobin A 
had the same properties in the ultracentrifuge and on
free diffusion*
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Indeed the electrophoretic data indicated that the 
difference between these two haemoglobins lay in 
the number or kind of ionised groups and it appeared 
that the net number of positive charges in haemoglobin 
S was greater than that in haemoglobin A when examined 
near the isoelectric point. Further studies revealed 
that 2 - b charges per molecule difference existed 
between the two. Such information was derived from 
acid-base titration curves near the isoelectric pH 
of the protein where shift of one pH unit in the 
case of normal haemoglobin was equivalent to a 
charge change of 13 changes per molecule (Sherman, 
19 0^).
Any mechanism which is designed to explain 
the nature of the sickling process must explain the 
behaviour of the cells to lowered oxygen tensions, 
the alteration in the distribution of haemoglobin 
and the alteration in the shape of the red cell.
In addition it would have to explain the reversib­
ility of the process and the similar behaviour of 
cells from sickle cell anaemia and sicklemia in 
conditions of lowered oxygen tension. Pauling 
(19*+9) suggests that the process may be likened to 
an antibody-antigen reaction in that one specific
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area on the surface of the globin molecule of 
haemoglobin S is complementarily related to 
another area common to all globin molecules. The 
first mentioned area would be exclusive to haemo­
globin S and would not be found on other haemo­
globins, such as haemoglobin A. The fact that 
sickling occurs in atmospheres of low oxygen 
tension indicates that the abnormal area of 
haemoglobin S set free when oxygen or carbon 
monoxide leaves its combination with the haemo­
globin molecule. When this takes place align- 
ment of the haemoglobin molecules can occur 
giving rise to a changed rigid structure to the 
red cell and the occurrence of birefringence. The 
reversibility of the process would indicate that 
the weak bonds formed between globin and globin 
molecule could be broken by reaction of the haemo­
globin molecule with either oxygen or carbon monox­
ide thus re-masking the specific area of haemoglobin 3« 
The fact that sickling can occur in cells from 
sicklemia merely indicates that if enough desat­
uration of oxyhaemoglobin is brought about there 
are sufficient specific areas in the haemoglobin S 
present in the red cell to react and to cause 
sickling. Further evidence on the nature of
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sickling has been added by Harris (1950), who made 
a detailed study of molecular orientation in sickle 
cell haemoglobin solutions. He found that deoxy- 
genated sickle cell haemoglobin having a concentrat­
ion above 10 gm/100 ml assumes a semi-solid gel like 
state. This change could be reversed by re-oxygen- 
ation of haemoglobin solutions. Solutions of normal 
haemoglobin showed no changes in viscosity when 
treated by the same methods. Microscopic examination 
of the semi-solid sickle haemoglobin solutions showed 
the presence of spindle shaped bodies varying in length 
from 1 - 1 5  m/it* These bodies were found to be 
birefringent and thereby showed the requisite char­
acteristics of tactoids. The tactoid form is char­
acteristic of an orderly grouping of long thin rod 
like particles which are arranged parallel and 
equidistant to each other. Since there is a close 
resemblance to sickled erythrocytes, Harris suggests 
that the sickled erythrocyte is in essence a haemo­
globin tactoid thinly veiled and somewhat distorted 
by the membrane.
A number of studies have been made on the 
alkaline denaturation of sickle cell haemoglobin 
(Singer et al, 1951, a, b; 1952, a, b; 1953, a.b.)
These studies show that alkaline resistant haemo-
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globin, haemoglobin F, does not occur in typical 
sickle cell trait but is regularly demonstrated 
in amounts varying from 2 - 34$ in patients with 
sickle cell anaemia where it occurs quite indep­
endently of the S compound (Singer and Chernoff,
1952 a)* It has also been demonstrated that there 
is an unequal distribution of haemoglobin F within 
the sickle cell anaemia erythrocyte population 
Singer and Fischer, 1952 b)* The presence of 
haemoglobin F in such red cells does not appear 
to influence the characteristic sickling* Haemo­
globin S is found in association not only with 
haemoglobins A and F but also with haemoglobins 
C and D (Singer, 1954) but unlike haemoglobin F, 
haemoglobin C does have an influence on the 
occurrence of sickling* Haemoglobin C reduces 
the proportion of haemoglobin S required for 
sickling (Singer et al, 1951)
The inheritance of sickle cell anaemia:
Early work on the inheritance of sickle 
cell anaemia was carried out by Emmel (Emmel, 1917) 
and Taliaferro and Huck (1923) hut owing to the variab 
ility of the techniques used, the inheritance of this 
disease was not fully worked out until Neel (1949) 
published his homozygous-heterozygous hypothesis*
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He used the technique of studying the sickling of 
blood taken from a finger to which a tourniquet had 
been applied for 3 - 5  minutes and observed the drop 
of blood under a sealed cover slip for up to 72 hours. 
His results suggested that the gene responsible for 
sickling is heterozygous in the case of sicklemia 
and homozygous in the case of sickle cell anaemia.
Such a postulate is strongly supported by Pauling's 
findings that haemoglobin S and haemoglobin A occur 
in roughly equal proportions in sicklemic individuals. 
The fact that the distribution of the haemoglobins 
in such instances was *+0:60 haemoglobin S to haemo­
globin A could be explained by a variety of factors 
such as competition for a common substrate in synthesis 
and so on (Pauling et al. 19^9). It follows then 
that the gene responsible for the sickling process 
is one of an alternate pair of alleles capable of 
modifying the haemoglobin molecule so that it becomes 
different from normal haemoglobin A. Therefore, in 
the sicklemic somatic cell there exists one dose of 
each allele and in the sickle cell anaemic somatic 
cell there are two doses of sickle cell gene and a 
complete absence of its normal allele. This relation­
ship which exists between sicklemia and sickle cell 
anaemia is somewhat similar to that which has been
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shown to exist between thalassemia major and thal­
assemia minor (Valentine and Neel, lybk).
Thus it follows that haemoglobin S has two 
main manifestations in man. It can occur in a homo­
zygous state with virtually only haemoglobin S present 
in the red cells, leading to a severe chronic haemolytic 
anaemia called sickle cell anaemia but in such instances 
small amounts of haemoglobins C, D, and F, may be 
present. Haemoglobin S may also occur in a heter­
ozygous condition when haemoglobin S and A exist 
in the same cell leading to the condition called 
sicklemia, which does not find great pathological 
expression. Haemoglobin S is the most extensively 
documented of the abnormal haemoglobins and is 
further of importance since it indicates that an 
abnormality in the nature of the haemoglobin can 
lead to a specific abnormality in the behaviour of 
the red cells, in extreme instances leading to 
anaemia. Other abnormal haemoglobins which have 
been described have not been found in association 
with such characteristic alteration in the behaviour 
of the red cell under characteristic circumstances 
except, perhaps, that in many instances the occurr­
ence of an abnormal haemoglobin has been associated 
with red cells of increased osmotic resistance. In
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sickle cell disease the removal of oxygen or carbon 
monoxide from its contact with haemoglobin in the 
red cell leads to an alteration of the red cell so 
that it is susceptible to destruction by the retic- 
ulo-endothelial system. It does not seem likely 
that such a characteristic change will be observed 
in red cells containing the other abnormal haemo­
globins but many instances of anaemia of obscure 
aetiology have been recorded in the presence of 
abnormal haemoglobins. The major concept is that 
the presence of an abnormal haemoglobin tends in 
some way, not as clearly defined as that seen in 
sickle cell anaemia, to render the red cell sus­
ceptible to destruction by the reticulo-endothelial 
system.
HABM QGLQ a m  Qs.
Haemoglobin C and its clinical implications 
were first reported by Kaplan, Zuelzer and Neel 
in 1951* The only occurrence of this abnormal 
haemoglobin outside the Negro race is that of 
Diggs et al (195*+) who reported its presence in a 
16 year old boy of Italian parentage. Its incid­
ence in American Negroes according to Terry is 
1 in 6000 (195^). Brain (19??) has investigated
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the frequency of haemoglobin C in the "coloured1 
population of Cape Town and he was able to show a 
parellelism in the occurrence of haemoglobin C 
and haemoglobin S. Both these haemoglobins are 
most prevalent in the West African Negro, next most 
common in the United States Negro and least common 
in Cape Town's "coloured" population. In a foot 
note to Brain's article Lehmann emphasised the 
similarity between haemoglobin C and haemoglobin 
E and the necessity for direct comparison.
Numerous reports of haemoglobin C alone and 
in combination with other haemoglobins have appeared. 
The inheritance of haemoglobin C appears to be sub­
stantially the same as haemoglobin S, that is, a 
Mendelian dominant. Its clinical manifestations 
have been discussed by Ranney, Larson and McCormack 
(1953) who reported that one patient with the 
homozygous state was virtually symptomless. Trans­
ient arthritis, splenomegaly and a haemoglobin of 
10 - 12 gm mild reticulocytosis and mildly 
increased erythropoiesis was seen. In stained 
smears nearly all the red blood cells were target 
cells. There were no crises with anaemia and 
uneventful pregnancies occurred. These authors 
mention the suggestion of Kaplan, Zuelzer and Neel 
(1951) and Neel, Itano and Lawrence (1953) that the
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homozygous state might correspond to previously 
described clinical entities, e.g. Mediterranean 
anaemia in Negroes of which four cases were rep­
orted by Schwartz and Mason (19*+9)•
The "sickle cell-haemoglobin C disease" 
was even more benign with milder anaemia, progress­
ive splenic enlargement, and arthritis* The bony 
changes so frequent in sickle cell anaemia were 
much less frequent in "sickle cell-haemoglobin C" 
individuals* Mild reticulocytosis with occasional 
crises occurred but recovery was rapid. Target 
cells comprised 10 - 60$ of the red cells. Diff­
erentiation of SS and SC was not possible on clin­
ical grounds.
Haemoglobin C trait (CA) was symptom free 
and physical examination revealed no abnormality* 
Haemoglobin concentrations were within normal 
limits for age groups, reticulocytes were normal, 
few target cells were seen and mild hypochromia 
existed. Haematological alterations were not 
striking. Genetic studies supported the inher­
itance first formulated by Kaplan, Zuelzer and 
Neel,(19^1) by a Mendelian dominant.
Ranney et al (19?3) used filter paper 
electrophoresis and showed that haemoglobin C
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had the lowest mobility of any haemoglobin studied. 
With boundary electrophoresis in veronal buffer 
pH 8.6, the mobility was 2.6 x 10"' cm~ sec“  ^
volt"^. The ultraviolet absorption was the same 
as haemoglobin A,
Ultracentrifugal analysis revealed the same 
sedimentation constant as that reported for haemo­
globin A by Pedersen (19^0) of k . k  x lO"1 .^
Alkaline denaturation results were within normal 
limits.
Lange and Hagen (1955) described homozy­
gous haemoglobin C disease in identical twins and 
abnormal haemoglobins were discovered in other 
members of the family. A brother's red cells 
sickled in the bisulphite test and electrophor­
etic ally haemoglobins S and A were present. One 
sister was found to have haemoglobin C disease 
and the other sister was a heterozygote with 
C trait. The identical twins had a mild 
normocytic normochromic anaemia with an increased 
reticulocyte count and red cell survivals of 21 - 2b
51days using chromium labelled homologous red cells. 
These findings together with an increased faecal 
urobilinogen clearly indicated the presence of 
haemolysis. Red cells obtained from the patients
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and labelled with chromium^ had survival times, as 
mentioned, of 21 - 2b days while normal red cells 
tagged in a similar fashion had normal survival 
in the patients. These studies nicely demonstrate 
the primary red cell defect in homozygous haemoglobin 
C disease.
Abnormal shapes of red cells apart from 
moderate anisocytosis and poikilocytosis were not 
reported by Lange and Hagen, who drew attention to 
the presence of numerous target cells and increased 
osmotic resistance. Variable values for alkaline 
resistant haemoglobin were obtained and some of the 
values were elevated above the highest for normal 
controls, 1.2$*■ The findings in this family supported 
the inheritance of haemoglobin C as a Mendelian 
dominant*
HAEMOGLOBIN D;
Haemoglobin D was described in 1950 as a 
new inherited haemoglobin by Itano and Neel (1950).
The new component had a considerably greater mobility 
on free cell electrophoresis than haemoglobin A.
The mobility of the new haemoglobin was 3*2 x 10"? 
cm2 sec"“ volt"2 and haemoglobin A 2,b x 10"? cm2 
sec"^ volt"". It was also different from
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haemoglobin S with its mobility of 2.9 x 10~^.
Of the patients studied it was present both in non­
sickling and sickling individuals. It was found in 
association with homozygous haemoglobin S and hetero­
zygous haemoglobins A and S. The results tended to 
indicate inheritance through a single dominant 
gene but the effects of the homozygous D state are 
as yet unknown and the inter-relations with the 
gene for haemoglobin S were also undetermined.
Haemoglobin E was described by Itano 
and his group in 19?*+ and its discovery was 
reported to the 125th National American Chemical 
Society Meeting. The blood came from a child 
suffering from an atypical anaemia and unfortun­
ately no further clinical details are available 
and no mention is made of the racial background 
of the patient. It was detected by zone electro­
phoresis using 0.01 M sodium barbital pH 9*2 at 
room temperature. Two components were found, 
one with a mobility of haemoglobin F and another 
with a mobility almost identical with haemoglobin 
C. Moving boundary electrophoresis in 0.01 M 
disodium hydrogen phosphate buffer pH 8.8 at a 
temperature of l.*f° c produced the same result.
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Electrophoresis with cacodylate buffer ionic strength 
0.1 and pH 6.5 at l.*f° C revealed haemoglobin F 
and a component with a mobility greater than haemo­
globin A but slightly less than haemoglobin S. The 
new haemoglobin was alkaline labile, had the same 
visible spectral characteristics as haemoglobin A 
and a solubility the same as that of haemoglobin A 
and F.
The association of an abnormal haemoglobin 
with haemoglobin F under abnormal circumstances is 
not unique for such an association has been observed 
with haemoglobin S in sickle cell disease. There is 
no indication in Itano*s preliminary report of the 
age of the child and the occurrence of the haemoglobin 
F may have been normal.
Lehmann (1955) points out the prevalence of 
haemoglobin E in Asiatics particularly Siamese and 
Singalese,
HAEMOGLOBIN F;
Haemoglobin F is that haemoglobin which is 
found exclusively in the red cells of the foetus up 
to the 32nd week of gestation. From this time 
onwards haemoglobin F gradually disappears but 
may persist up to the age of two years. Beaven,
Hoch and Holiday (195D employed free cell electro­
phoresis, (0.01 M disodium phosphate and a potential
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difference of 15.7 volts/cm for 300 - 360 minutes 
at a pH of 8.8) of a 1$ solution of haemoglobin 
in their study of the proportions of haemoglobin 
A and F in foetal blood. Ascending boundaries 
only were studied and a mobility difference of 
0.3 x lCT^ cm*1 volt"-** sec"^* was observed, haemo­
globin A being the faster by 7.5$. Correction 
was necessary in order to avoid fallacious results 
as is emphasised by the following table -
Proportions of Factor Component (A)
20 weeks 26-3*+$ (apparent) 7$ (corrected)
36 weeks *+3$ (apparent) 11$ (corrected)
Full term 36-68$ (apparent) 13-25$ (corrected)
Singer and his associates have made a study 
of foetal haemoglobin proportions at various ages 
and they estimate that about 83$ of foetal haemo­
globin psrsists at term and 1.2$ in adult life.
Foetal haemoglobin may be identified and 
characterised by filter paper electrophoresis, 
boundary electrophoresis or ultra violet absorption.
Zinsser (1952) showed that haemoglobin A 
and F were distinctly different by boundary electro­
phoresis and estimated that the difference between Hie 
two molecules amounted to 1 charge/molecule at pH 7
in phosphate buffer, the charge difference increasing
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with a decreasing pH. Buffer ions were shown to 
interact with the protein molecule and affected 
the mobility. In cacodylate-sodium chloride 
buffer at pH 6.5* the mobility decreased due to 
a decrease in the positive charge when compared 
with phosphate buffer at the same pH. In 
caprylate phosphate buffer, Ballou (19*+5) showed 
haemoglobin F to have a diminished positive charge 
and haemoglobin A an increased positive charge with 
respect to phosphate.
The ultra violet absorption of haemoglobin 
F is different from haemoglobin A because of the 
different amino acid composition of the globin of 
haemoglobin F. Tryptophane is the amino acid 
predominantly affected.
A further method of identification is by 
alkaline denaturation because haemoglobin F resists 
denaturation by alkali while all other haemoglobins 
are alkaline labile. This method has been used 
extensively to detect haemoglobin F in diseases 
such as thalassaemia major.
Haemoglobin F may exist alone as in the 
very immature foetus, or mixed in varying proport­
ions with haemoglobin A normally up to the age of 
2 years. Otherwise the appearance of haemoglobin
is abnormal It has been found in sickle cell anaemia
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and with haemoglobin E and C but its best known 
occurrence is in thalassaemia major where it occurs 
with haemoglobin A,
Rich (1952) has made a study of the nature of 
haemoglobin in Cooley1s anaemia. The haemoglobin 
present in thalassaemia minor, the so-called Cooley's 
trait, has the same electrophoretic mobility as 
normal adult haemoglobin. In thalassaemia major 
(Cooleyfs anaemia) a mixture of normal foetal 
haemoglobin and normal adult haemoglobin is 
present. It was known for some time that there 
was a much greater percentage of alkaline resist­
ant haemoglobin present in Cooley's anaemia than 
in normality and Vecchio (1952) showed that this 
alkaline resistant haemoglobin of Cooley's anaemia 
in phosphate buffer at a pH of 6.9 moved as an anion 
in the same manner as haemoglobin F and electrophor- 
etically was quite distinct from haemoglobin A and 
the haemoglobin from drepanocytic patients.
HAEMOGLOBIN G;
Haemoglobin G was discovered in Gold Coast 
Africans by Edington and Lehmann (195^ a). The 
red blood cells of the individual in whom haemo­
globin G was first described, contained both 
haemoglobin A and haemoglobin G (Edington and 
Lehmann, 195^ b). This haemoglobin differed
from previously described haemoglobins in its 
mobility on filter paper electrophoresis with 
veronal buffer pH 8.6.
Haemoglobin G proved to be a slower compon­
ent on filter paper than haemoglobin A and was quite 
similar in mobility to haemoglobins S, F, and D. 
Haemoglobins S and F were distinguished from the 
new haemoglobin by their solubilities and alkaline 
denaturation properties respectively. Initial 
recognition of the differences between haemoglobins 
D and G depended upon the reported electrophoretic 
mobility in an open system of haemoglobin D which 
was exactly that of haemoglobin S at alkaline and 
acid pH. More positive evidence was available when 
a mixture of haemoglobins A and D was obtained for 
comparative study. Mixtures of A and D were 
examined during free boundary electrophoresis in 
cacodylate buffer pH 6.5 and veronal buffer pH 8.6.
At the acid pH good separationcf A and G occurred with 
the mobility of G intermediate between those of A 
and S. Edington et al experienced difficulty in 
the resolution of mixtures of S and G which illust­
rates some of the difficulties in identification 
of abnormal haemoglobins.
The inheritance of haemoglobin G is similar 
to that of haemoglobins S, C, D, and E. They are
-  3^  -
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the products of a single series of allelic genes 
and each of the two genes is represented by part 
of the haemoglobin in the red blood cell.
No significant spectrophotometric differences 
could be detected and the solubility of haemoglobin 
G was greater than haemoglobin S but less than, or 
at least on the lower range of solubility of, 
haemoglobin A.
In the clinical study reported by Edington 
et al (195^ b) it is of interest to note that the 
father of the propositus was homozygous GG, was 
not suffering from any anaemia, (haemoglobin 13.9 
gm/100 ml) and there were no abnormalities in the 
red cell smear. In addition no foetal haemo­
globin was detected as is found almost invariably 
in homozygous S and in many instances of homozygous 
C, Indeed it is not clear from the writings of 
these authors whether any hematological disorder, 
other than the presence of an abnormal haemoglobin, 
was present and there is no report of the fragility, 
osmotic or otherwise,of the red cells of this family.
HAEMOGLOBIN H:
Haemoglobin H was described by Rigas, Koler 
and Osgood in 1955 in a Chinese family. Two members
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of this family suffered from easy fatiguability and 
had splenomegaly. Their blood picture was one 
of an hyperchromic microcytic anaemia which in the 
stained smear was indistinguishable from hereditary 
leptocytosis. Boundary electrophoresis, in veronal 
buffer pH 8.6 and 0.1 molarity, of the haemoglobin 
from the affected members showed two peaks. The 
slower component was haemoglobin A and the faster a 
new abnormal haemoglobin which comprised 35 per cent 
of the total. This haemoglobin was called haemo­
globin H and is the first haemoglobin which has a 
higher electrophoretic mobility than haemoglobin A.
Both parents of the affected individuals 
were free of abnormal haemoglobin so that the 
genetic pattern of this family, in this limited study, 
did not conform with that usually seen.
Haemoglobin H concludes the account of the 
human haemoglobins thus far described. The charact­
erisation of Haemoglobin I found, during the present 
study, in association with an inherited haemolytic 
anaemia follows in the next section.
AN INHERITED HAEMOLYTIC ANAEMIA ASSOCIATED WITH A
The present study concerns haemoglobin I, 
which was found in a family which had a positive 
history of haematological disorders. Some of its 
members were thought to be suffering from Cooley*s 
anaemia (individuals Bf, Cf and Cj). A satisfact­
ory study of the first two generations was made 
but the third generation is incomplete owing to the 
unavailability of some members for investigation. 
The first generation comprises husband and wife,
Bm and Bf; the second is made up by their children, 
Cf, a married female (husband Cm); Bj, an unmarried 
male, and L a married female. The only child of 
the third generation studied was Cj, the youngest 
child of Cf and Cm (see genealogical chart, Figure 
1*+ r page 7*+).
Clinical information on the family under study;
Baby Cj was born by normal delivery. At 
birth the child was pale and listless and jaundice 
was noted seven hours later. Slight splenomegaly 
was present but there was no hepatomegaly. Blood 
examination during the first 2b hours showed -
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Haemoglobin 13.2 gm %
Stained film; Occasional anisocytosis.
Slight to moderate macrocytosis and poly- 
chromasia. Moderate number of target cells 
present.
3 intermediate, 60 late normoblasts in 100 
white cells. Some of the nucleated red cells 
and polychromasic cells showed coarse stipp­
ling.
Coombs test - Negative.
He was transfused, but persisting anaemia 
and jaundice necessitated repeated transfusions.
While the anaemia improved with the giving of blood, 
cellular abnormalities remained. A red cell saline 
osmotic fragility test showed a slight to moderate 
decrease in osmotic fragility although interference 
from normal transfused cells undoubtedly clouded 
the true picture. The white cell count was normal.
At the age of four days the haemoglobin 
concentration was 17.6 gm/100 ml with slight aniso­
cytosis, macrocytosis and polychromasia of the red 
cells and numerous target cells. On the 15th day 
a further saline osmotic fragility test was per­
formed which revealed a moderate decrease in saline
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osmotic fragility. This test was also complicated 
by the presence of transfused cells.
Concentrated saline 
gm/100 ml
Per cent Haemolysis
0.*+80 .>+*+
0.*t0
0.36
0.32
0.28
0 , 2*+
0.20
0.160. 1*+ 100
5
7
9
21
38
57
71
83
92
The infant was discharged on the 18th day 
with the following blood picture:-
Haemoglobin 10.7 gm $, reticulocytes 0.5$ 
Stained film: Moderate number of target cells.
Slight anisocytosis and microcytosis of the 
red cells.
One month after birth very slight jaundice was
seen and the haemoglobin concentration was 8.5 gm/ 
100 ml. The infant was first seen in this labor­
atory at the age of months with a haemoglobin 
concentration of 10.5 gm/100 ml.
CfT the mother of Cj, had been anaemic and
occasionally jaundiced throughout her pregnancy.
The anaemia was sufficiently severe to require 
transfusions and was regarded as haemolytic, of the
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Mediterranean type. She did not complain of 
arthralgia. When seen in this laboratory her 
haemoglobin was regularly of the order of 10 gm/
100 ml. No sickling was detected by the sealed 
wet smear technique after 72 hours.
Examination of the red cells in a stained 
smear showed anisocytosis f++, poikilocytosis f, 
central pallor 4, a few oval cells, very occasional 
stippled cells and occasional target cells. Her 
red cell osmotic fragility can be seen to be dec­
reased (Table 1).
Bfy the mother of Cf? had been treated for 
anaemia for years. She had received oral iron and 
injections of liver extract, Vitamin B]_2 anc* Folic 
Acid. In spite of this therapy her haemoglobin 
was 10.6 gm/100 ml. She complained of lower back 
pain and was regarded as suffering from lumbo-sacral 
arthritis of the degenerative type. No sickling was 
detected in a wet preparation. A stained smear of 
her blood revealed red cells with anisocytosis +, 
occasional poikilocytosis, central pallor f, and 
occasional target cells. Osmotic fragility of red 
blood cells was decreased (Table 1).
¡L, a married daughter of Bft was free of 
complaints referable to the haemopoietic system.
Her haemoglobin was 13.2 gm/100 ml, no sickling was 
detected but on a stained smear, anisocytosis of
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the red cells was slight and target cells were 
occasionally seen.
Bn1 T an adult unmarried son of Bf. complained 
of tiredness. His haemoglobin was 13.6 gm/100 ml 
significantly below the normal for an adult male 
in Australia (Walsh, 1953)» No sickling was 
seen but a stained smear of his blood showed 
red cells with the following characteristics; 
anisocytosis occasional poikilocytosis, 
occasional oval cells and stippled cells and 
fairly numerous target cells. In addition 
increased osmotic resistance was present (Table 1)*
£ffi had no complaints, haemoglobin concent­
ration was 15.8 gm/100 ml and apart from very slight 
anisocytosis a stained smear of his blood was normal. 
Bm was haematologically normal with a haemoglobin 
of l6.2 gm/100 ml.
Red cell osmotic fragilities were carried 
out by incubation of a known amount of oxalated 
blood in various concentrations of saline. Incub­
ation was at 38° C for one and one half hours.
The tubes were then centrifuged and examined.
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Results of Saline Osmotic Fragility T ests 
Saline Source of blood
Cone.
gm % Cm Cf Bm Bf Bj L
0 44 44X 44x 44X +4
0.2^5 ++ 4 4 + t + 4 44
0.350 +4 Tr. + 4 -4 Sl.Tr. 4 +
0.^55 4- - 4 - - -4
0.560 - - - - - -
0.630 - - - - - -
0.700 - - - - - -
0.900 — _ _ _
x - Some unhaemolysed cells in distilled water. 
MATERIALS!
Blood was obtained from the adults by vene­
puncture with stainless steel needles into paraffined 
syringes, and for haemoglobin preparation.it was 
heparinised. Heel prick blood alone was used in 
the case of the infant Cj.
Blood for haematological study was obtained 
and treated in a usual manner for such investig­
ations.
The following members of the family volunt­
eered for venepuncture - Bm, Bf, L, Bj, Cm and Cf, 
and as noted above blood from Cj was obtained by 
heel prick.
MMQDJ5;
a) Haemoglobin preparation;
Haemoglobin was prepared from freshly drawn 
blood by the method of Drabkin (19^9), The hepar- 
inised blood was centrifuged and the plasma removed 
by aspiration. The packed cells were washed once 
with isotonic sodium chloride and twice with a 
solution of 1.2 gm/100 ml sodium chloride and 
0.0025 M aluminium chloride.
The Drabkin haemoglobin preparation method 
had to be modified in one detail. It was found 
in some members of the family that incomplete 
haemolysis occurred with the addition of an equal 
volume of distilled water. Cell rupture was there­
fore induced by alternate freezing and thawing.
All blood from the family, normal adult controls 
and from the umbilical cords of newborn infants 
were treated in a precisely similar fashion.
After freezing and thawing, stroma was 
removed by addition of 0.*+ volumes of refraction­
ated toluene. The mixture was allowed to stand 
overnight in a refrigerator when subsequent centrif­
ugation yielded a stroma free supernatant haemo­
globin solution,
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Aliquots of the haemoglobin solutions were 
diluted in 1 in 101 with 0 ammonia solution and 
the Hufner*s quotient determined. All samples were 
within the acceptable values of K5*+0/K560 3 1*50 - 1*68, 
Concentrations were determined using factors 1.9 x 
1 0 ~ k for K5^0 and 1*18 x 10“^ for KÇéO (Heilmeyer,
19^+3)• Stock solutions of the haemoglobins were 
left as concentrated as possible, generally between 
9 and 15 gm/100 ml, and were not stored for longer 
than 10 days*
Haemoglobin solutions prepared by this 
method sedimented as a single component in a 
Spinco analytical ultracentrifuge (Figure 1).
b) Alkaline dénaturation;
Alkaline dénaturations were performed by 
the method of Singer (1951 a) which involves the 
addition of alkali to prepared haemoglobin solutions, 
the precipitate of denaturated proteins by acid­
ification and the spectrophotometric examination 
of the filtrate at 5*+l mji* The filtrate is 
compared with haemoglobin diluted in saline.
FIGURE 1; The picture obtained during sediment­
ation of a 1% solution of carboxy-haemoglobin, 
prepared by the Drabkin method, in a “Spinco" 
analytical ultracentrifuge at 59*780 r.p.m. after 133 minutes. Sedimentation coefficient .^2 x 10“-*-3#
c) Spectrophotometric experiments:
Prepared haemoglobin solutions were diluted 
1 in 101 with 0*bfo NH1+0H solution and haemoglobins 
derived from two normal adults, a full term normal 
infant and members of the family under study were 
examined initially in the visual range from *+00 m|i 
to 650 mp in a Hilger Uvispec spectrophotometer.
Haemoglobin solutions to be examined in the 
ultraviolet range were diluted 1 in 501 with 0.*+$ 
NHl^OH solution and O.bfi NHlfOH solution was used as 
a blank. The same group of haemoglobins was 
studied.
d) Filter rarer electrophoretic experiments2
Filter paper electrophoresis was-carried out 
with a variety of papers (Munktell No 3, Whatman 3 MM 
1 and 3) and S and S 20^03) and with the following 
range of buffers -
Buffer j s Ionic Strength
Veronal 8.6 r/2 0.10
Veronal 9.2 r/2 0.01
Cacodylate-NaCl 6.3 r/2 0.10
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The following types of filter paper 
electrophoretic apparatus were used, a semi-open 
system of the hanging paper strip type, a closed 
system between siliconed glass plates and finally 
a semi-closed system using a waffle pattern base 
plate and a sealing lid made of perspex. D.C. 
currents were applied from a constant voltage out­
put mains rectifier with a variable rheostat, and 
graphite electrodes were employed. Potential 
differences of 120 volts to 1^0 volts giving 
H.8 volts/cm to 5» 6 volts/cm were obtained during 
the runs.
Using 5 cmm of 6 gm % haemoglobin solutions 
neither benzidine nor any other method of colour 
development was required because the spots were 
clearly visible to the naked eye.
e) Boundary electrophoretic; experiments;
Electrophoresis was conducted in a Tiselius 
type apparatus using a Tiselius electrophoretic cell 
and a Philpot Svennson optical system. The light 
source was mercury arc with a Kodak red celluloid 
filter at the slit. Red sensitive Kodak super XX 
panchromatic plates were used and current was 
applied from a stabilised source.
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Temperatures, pH, molarity and type of buffer 
are included in subsequent sections. All experiments 
were preceded by prolonged dialysis against the 
buffer in use,
f) Chromatographic experiments ;
Filter paper chromatography was of the type 
described by Franklin and Quastel (19^ +9 ) and was 
by nature adsorption rather than partition chrom­
atography involving an ascending front of buffer 
of appropriate pH. The buffers used were approx­
imately 2 pH units greater than the isoelectric 
point (6.8 approximately) of the protein. Veronal 
pH 8.6, f/2 s 0.05, sodium cacodylate, and borate 
pH 8.6 were the buffers employed.
A wide variety of papers were employed and 
Whatman No 1 was found to be preferable to eleven 
others.
Column chromatography was performed in a 
packed column of purified cellulose using a descending 
flow of buffer, again of appropriate composition and 
pH.
BfiSffiES:
i) Alkaline dénaturation;
The following haemoglobins were studied -
two normal adult haemoglobins (A1 and A2), 
haemoglobin prepared from cord blood of a full 
term normal infant, and haemoglobin from members 
of the affected family*
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Haemoglobins
O.D.
Before Alkali
O.D.
After Alkali
$ Alkaline 
Resistance
A1 0.956 x Zero -
A2 0.980 x Zero -
Cm 1.070 x Zero -
Cf 0.899 0.001 0.1%
Bm 0.995 0.001 0.1%
Bf 0.655 0.001 0.2%
Bj 0.707 0.002 0,2%
L 0.827 x Zero -
Infant 0.760 0.650 85.5$
x - filtrate with 100$ transmission at mji using
maximum sensitivity of the Hilger Uvispec spectro­
photometer.
The results show a normal value for alkaline 
resistant haemoglobin in the full term normal 
infant*s blood* The remaining haemoglobins exam­
ined did not contain any significant quantity of 
the alkaline resistant moiety.
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ii) Spectrophotometric examination of absorption 
spectra;
There were no differences detected throughout 
the visual range in the absorption characteristics 
of haemoglobin A, haemoglobins prepared from Bf, Cf, 
Bj, and L and haemoglobin prepared from foetal blood. 
When the same haemoglobins were examined in the ultra 
violet, the absorption of haemoglobin F did not 
conform with the remainder.
Haemoglobin F showed the characteristic 
absorption pattern which is determined by its 
amino acid composition.
iii) Filter paper electrophoresis!
The differences in behaviour of haemoglobin 
A, haemoglobin F and haemoglobins from some affected 
members of the family can be seen in Figure 2. In 
this electrophoretic separation haemoglobin A is 
the fastest component and haemoglobin F the slowest. 
Haemoglobins derived from Bf, Cf, and Cj are seen 
to have a mobility intermediate between the two.
Figure 3 shows the differences between 
haemoglobin A and haemoglobin from Bf in cacodylate 
buffer, while Figure b reveals the behaviour of 
haemoglobin from Cj compared with haemoglobin A.
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A comparison of haemoglobin F and that from Cf 
is illustrated in Figure 5, and Cf and A are 
compared on the same strip in Figure 6.
Numerous experiments were performed and 
all indicated that, on filter paper electrophoresis, 
haemoglobin from the affected members of the family 
moved with a mobility between that of haemoglobin 
A on the anodal side and haemoglobin F on the cath­
odal at pH 8.6.
iv) Boundary electrophoresis,
T.yP3 1 ■.qKBSrjLfflsnt.s s
In these experiments haemoglobin A and 
haemoglobin from Cf were mixed, each having a 
concentration of 0.5 gm/100 ml in buffer. The 
buffer used contained 2.338 gm of NaCl, 1.932 
gm of cacodylic acid and 10 ml of N. NaOH to a 
volume of 500 ml of distilled water. This corres­
ponded to 0.08 M NaCl, 0.02 M sodium cacodylate 
and 0.008 M cacodylic acid with an ionic strength 
of 0.1 and a measured pH of 6.58. The haemoglobin 
solution was dialysed in buffer for 16 hours at 
60 r.p.m. in a water bath at 22.5° C.
The results of boundary electrophoresis 
as illustrated in Figure 7 indicates that haemo-
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Anode
Cathode
FIGURE 2 s The patterns obtained after electro­
phoresis of haemoglobins on filter paper in veronal 
buffer pH 8.6* From left to right the haemoglobins 
are as follows: Haemoglobin F, haemoglobin A,
haemoglobin from Bf, Cf, and Cj. Haemoglobin A 
has the fastest mobility and haemoglobin F the 
slowest.
- 5 k  -
FTfiTTRE The mobilities in cacodylate buffer of
haemoglobin A and haemoglobin from Bf are shown*
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FIGURE ^  The electrophoretic behaviour of 
haemoglobin A and haemoglobin from Cj on filter 
paper in cacodylate buffer*
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FIGURE 5; The f i l t e r  paper electrophoretic pattern 
given by haemoglobin F and haemoglobin from Cf in 
cacodylate buffer.
-  57 -
FIGURE 6 : The electrophoretic behaviour of
haemoglobin A and haemoglobin from Cf on filter 
paper in cacodylate buffer.
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FI (TORE 7; Boundary electrophoretic pattern given 
by a mixture of haemoglobin A and haemoglobin from 
Cf, ascending limb, 370 minutes after application 
of current. A single component is seen.
globin A and haemoglobin from Cf migrated as a 
single component.
Xyp.s g
Hoch (J.9^ 9) described a most elegant modif­
ication of free cell electrophoresis applied to the 
separation of mixtures of haemoglobins A and F. In 
essence, attention is directed to the ascending 
limb where migration is allowed to proceed about 
one-third of the height of the cell when compensation 
is applied. This greatly increases the effective 
distance of migration. Gas compensation was used 
in these experiments.
a) 1 ml of haemoglobin prepared from a full 
term normal infant’s blood (original solution 17 gm/ 
100 ml) was diluted in 20 ml of 0.01 M disodium phos­
phate and dialysed against this solution for l6 
hours. Electrophoresis was conducted as described 
above and separation of haemoglobins A and F, normally 
present in such blood, was obtained (Figure 8).
b) The method was now applied to a mixture 
of haemoglobin A and haemoglobin from Cf. 1.5 ml 
of a haemoglobin solution containing 10.1 gm/100 ml 
prepared from Cf was mixed with O.^ f ml of haemo­
globin A (original solution concentration l*+.9 gm/
100 ml) were diluted in 20 ml of 0.01 M disodium
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267
Minutes
FIGURE 82 Boundary electrophoretic pattern obtained 
during electrophoresis compensated on the ascending 
limb (Hoch, s modification)© The photograph shows 
the separation of haemoglobins A and F in the 
haemoglobin prepared from a fu l l  term normal 
infant. Times 229 minutes and 267 minutes.
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phosphate and dialysed for 2b hours with stirring 
at 60 r.p.m. against the latter.
No significant resolution of two peaks 
occurred during prolonged electrophoresis (Figure 
9).
v) Paper chromatography2
When 5 cmm of a 6 gm/100 ml solution of the 
various haemoglobin preparations were applied to 
Whatman No 1 filter paper and ascending chromatog­
raphy carried out with Veronal buffer pH 8.6 
f/2 0.05, the following results were obtained -
Source of 
haemoglobin M
Cm 0.61
Cf O.'tO
Bm 0.60
Bf 0.39
BJ 0.39
L 0.53
When the solvent was veronal pH 8.6 
T/2 0.05 and sucrose 0.08 M results were as 
follows -
- 62 -
FIGURE 9; Boundary electrophoretic pattern of 
a mixture of haemoglobin A and haemoglobin from 
Cf. Hoch*s compensation technique on the ascending 
limb was employed* Photographs were taken at 70 
minutes and 3^7 minutes. There is a small amount 
of impurity present which, because of its mobility 
and concentration, is not haemoglobin.
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Source of 
haemoglobin M
Normal adult 1 0.6l
Cm o , 6 * +
Cf 0.1+2
Bm 0 .6 3
Bf 0 .^ 3
Bj 0.^0
L 0 .5 5
Normal adult 2 0.6l
The Rf values obtained with borate pH 8,6
buffer were somewhat different -
Source of haemoglobin M
Normal adult 1 0 .6 7
Normal adult 2 0 .6 6
Cf o .5
Cf 0 .5
Foetal 1 0 .6 5
Foetal 2 0 .6 3
From these results it is clear that the 
behaviour of haemoglobins from certain members of 
this family on paper chromatography is significantly 
different from haemoglobins A and F. The abnormally 
migrating haemoglobins behave in an essentially
similar fashion
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Figure 10 shows the results of chromat­
ography on a variety of haemoglobins, while 
Figure 11 and Figure 12 illustrate how fair 
separations of mixtures can be achieved.
Two dimensional chromatography-filter 
paper electrophoresis was attempted (Figure 13) 
but diffusion prevented successful separation,
DISCUSSION;
The haemoglobin from affected members of this 
family was different from all other haemoglobins 
previously described. Its mobility during filter 
paper electrophoresis was different from haemo­
globin A and haemoglobin F but no difference could 
be detected during boundary electrophoresis. This 
is a unique observation and the new haemoglobin 
was clearly distinguished by adsorption chromat­
ography from the only other two haemoglobins 
available, A and F,
The first positive evidence of an alter­
ation in the physical properties of the haemoglobin 
from the affected members of the family, when 
compared with haemoglobins A and F, came from 
filter paper or zone electrophoresis. In these 
experiments the new haemoglobin regularly moved 
with a mobility slightly slower than haemoglobin A
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A- Cm Cf Bm Bf Bj L A.-
FI CURE 10» Paper chromatography of haemoglobins 
prepared from members of the family (Cm, Cf, Bm, 
Bf, Bj, and L) and from two normal adults. Some 
of the haemoglobin from Cf, Bf, Bj and L moved 
with haemoglobin A. This probably indicates that 
a very small amount of haemoglobin A is present 
in the affected members.
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FI CURE 11» Paper chromatography of haemoglobin
A and haemoglobin prepared from Cf, separately and 
in a mixture. Concentration of all solutions of 
haemoglobin applied to the paper was adjusted to 
6 gm/ÎOO ml.
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FIGURE 12; Paper chromatography on haemoglobin A, 
haemoglobin F and a mixture of haemoglobin A and 
haemoglobin prepared from Cf. The concentration 
of haemoglobin in all applications was 6 gm/100 ml.
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f
FIGURE 1^; Two-dimensional chromatography-
electrophoresis. A mixture of haemoglobin from 
Cf and haemoglobin A was spotted at X and 
chromatogramed to W. Haemoglobin A and 
haemoglobin from Cf were then spotted at Y and 
Z respectively. Electrophoresis was conducted 
in the direction of the arrows. This technique 
was not successful.
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and faster than haemoglobin F.
The findings on filter paper electrophoresis 
suggested that certain members of this family contained 
in their red cells either a new haemoglobin or a 
mixture which we were unable to resolve. The 
latter was not improbable considering the experiences 
of Smith and Conley (1953)* The fact that separation 
of artificial mixtures of haemoglobins A and F could 
be achieved only with difficulty, and that the 
differences in the mobilities of these two components 
was considerably greater than either one compared 
with the new haemoglobin, strengthened this belief.
Because of this inability to separate either 
artificial mixtures of the suspect haemoglobin and 
A or F and to prove the homogeneity of the suspect 
haemoglobin, boundary electrophoresis was undertaken. 
The results of simple boundary electrophoresis 
showed that haemoglobin from Cf and haemoglobin A 
moved as a single component. Furthermore, separ­
ation of mixtures of haemoglobin A and haemoglobin 
from Cf could not be affected even when gas compen­
sation was applied to the ascending limb and thus 
increasing the effective migrating distance. Such 
behaviour proves that the electrochemical differences 
between haemoglobin A and haemoglobin from Cf, the 
latter as representative of the abnormal haemoglobin,
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were non-existant or at least so minute as to 
be undetectable. Good separation of haemoglobins 
A and F resulted when the compensated technique was 
used, confirming the value of the method. Regarding 
the homogeneity of the abnormal haemoglobin, reverse 
boundary spreading was not performed as no reference 
in the literature could be found to the behaviour of 
pure solutions of haemoglobin under these circum­
stances, It was decided that no further evidence 
could be obtained by boundary electrophoresis and 
that the evidence obtained by this method was only 
of negative value.
Because differentiation was possible during 
filter paper electrophoresis and not during boundary 
electrophoresis it was thought that perhaps adsorption 
rather than pure electrophoresis may have been respon­
sible for the phenomenon. Adsorption chromatography 
was therefore undertaken. It was possible in all 
instances to demonstrate distinctly different Rf 
values for haemoglobin A and haemoglobins from 
all affected members of the family. In addition 
to achieving different Rf values for haemoglobin 
solutions prepared from normal and abnormal sources 
it was also possible to affect separations of 
artificial mixtures of the various haemoglobins,
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e.g. haemoglobin A - suspect, haemoglobin F - 
suspect, while mixtures of the suspects* haemo­
globins ran in the same manner as haemoglobin 
from a single individual.
The only anomalous behaviour in the 
haemoglobins from the family was that seen in 
the chromatography of haemoglobin from L. Haemo­
globin from Bm and Cm were clearly normal and 
repeated experiments demonstrated identical 
behaviour of these two when compared with haemo­
globin A and haemoglobin F. All the evidence indic­
ated that these two preparations of haemoglobin were 
haemoglobin A. Haemoglobins from Bf, Cf, and Bj 
were similar with Rf values about a mean of 0.^2 
on Whatman No 1 paper and veronal buffer pH 8,6.
In contrast with these, haemoglobin from L gave 
rise to a different type of spot which approxim­
ated to a mixture. In addition the Rf was 
different ranging about a mean of 0.5*+# Such 
alterations in Rf were seen in mixtures. When 
haemoglobin from Cf was mixed in equimolar proport­
ions with haemoglobin A, the Rf of the former 
haemoglobin was 0.*+8 to 0.5 compared with 0.^2 
when dmmatogramed alone. Because of this it was
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thought that haemoglobin from L was heterogeneous 
A and abnormal but not necessarily in equimolar 
ratios.
The inheritance of the new haemoglobin 
would appear to be essentially a Mendelian dominant 
(Figure 1^) but is complicated by the presence of 
a thalassaemia trait. This was probably introduced 
in the first generation. When a thalassaemia trait 
occurs with an abnormal haemoglobin, the latter 
almost invariably predominates and only traces of 
haemoglobin A are seen (Ranney - personal communic­
ation). A thalassaemia trait, therefore, explains 
both the inheritance and the "tailing’1 which was 
observed on the chromatograms.
The anaemic members of this family were 
regarded as having variously Cooley’s anaemia, 
pernicious anaemia, and "secondary anaemia".
Their red cells showed abnormal cell forms and 
at times numerous target cells could be seen 
in smears. It has been known for some time that 
the target cells are not pathognomonic of Cooley’s 
anaemia and this has been recently emphasised by 
Terry et al (195*+) who point out the occurrence 
of target cells after splenectomy and after 
haemorrhage, with dehydration, with liver disease
7h -
f e ma le ,  a b nor m a I h ae  m o g I o b i n^ fe m a le ,  suspect mixture
0 tem a l e ,  uninvestigated.
©?fe ma le ,  ana ernie, uni n vest 19a ted.
o,male,adult haemoglobin.
■ ,male,abnormal haemoglobin.
C.
J
jit: The genealogical chart of the familyunder study0 ' J
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and obstructive jaundice in addition to thalassaemia. 
Increased osmotic resistance of red cells was also 
present in this family but such a finding is not 
exclusive to thalassaemia being recorded amongst 
others by Terry and his co-workers (195*0 in their 
description of an hereditary haemolytic anaemia 
associated with homozygous haemoglobin C. So great 
was the osmotic resistance of some cells from this 
present family that during the course of the 
preparation of haemoglobin, the addition of dist­
illed water did not cause the lysis of a small 
proportion of the cells and alternate freezing and 
thawing was resorted to in all instances to cause 
red cell rupture*
The racial background of this family also 
mitigated against the diagnosis of Cooley*s anaemia* 
Wintrobe (19*+9) records that in the United States, 
affected individuals have been of Italian, Greek, 
Asyrian or Armenian parentage* He goes on to point 
out that some of the reported exceptions to this 
type of lineage have not been classical in every 
respect but he accepts instances of the disease in 
Chinese, Indians, Egyptians, Germans, Spanish children 
and children of North-East Mediterranean stock rep­
orted from South America. In the light of recent 
work on the influence of the nature of haemoglobin
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on the behaviour of the red cell both in vivo 
and in vitroT it is possible that Cooley’s anaemia 
is in fact an entity restricted to the particular 
racial lineage of classical description and that 
instances not conforming to this pattern are 
examples of the response of the red cell to the 
presence of other abnormal haemoglobins, Vecchio 
(1952), by use of a Tiselius apparatus, showed that 
the alkaline resistant haemoglobin of Cooley’s 
anaemia in phosphate buffer pH 9 moved as an anion 
in the same manner as haemoglobin F and with a 
mobility distinct from that of alkaline labile 
haemoglobin A, Though the occurrence of alkaline 
resistant haemoglobins in such haemolytic anaemias 
in individuals of Mediterranean extraction is not 
invariable, it is suggested that the diagnosis of 
Cooley’s anaemia is not tenable in the face of the 
demonstration of some other abnormal haemoglobin. 
Careful search, using all the available aids, 
should be made into the type of haemoglobin 
present before the diagnosis is made.
Perusal of the racial distribution of most 
instances of reported Cooley’s anaemia which are 
not Mediterranean clearly shows that the majority 
come from races which we now know to be sources of
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abnormal haemoglobins. Considering the similarity 
of the clinical picture which is possible, for 
example, in a homozygous haemoglobin C individual 
such as reported by Terry, and that seen in thal- 
assaemia, it is perhaps not surprising that confusion 
existed prior to the interest in the nature of the 
haemoglobin.- Taking Terry*s case as an example, he 
reported target cells, increased osmotic fragility, 
the folding over of thin red blood cells to produce 
boat shaped forms, but drew attention to the absence 
of truly significant hypochromia, stippling, and 
erythrocytosis. Many of the features of the full 
blown homozygous disease were seen in the hetero­
zygous individuals of the haemoglobin C - haemo­
globin A type* As the literature on the exact 
aetiological description of such anaemias reported 
by Terry (195*0 is still rather sparse, it is not 
impossible that syndromes exactly mimicking Cooleyfs 
anaemia may be produced, either by homozygous 
abnormal haemoglobins or even in some instances, 
heterozygous red cells containing a proportion of 
an abnormal haemoglobin.
From the foregoing it would seem fairly cert­
ain that at least some examples of extravascular
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haemolytic anaemias hitherto unexplained, will fall 
into the category of haemolytic processes due to 
abnormalities of the red cell in consequence of the 
presence of an abnormal haemoglobin. It is suggested 
that the family under study represents such an example 
and that this haemoglobin be known as haemoglobin I#
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A. THE .ECPJ-IATION AID FATE ny METHAEMALBUMIN IN
MAN.
Hré lim in e r7 remarks r
I n v e s t ig a t io n s  were undertaken in to  the c l i n i c a l  
and chem ical f a c t o r s  in v o lv e d  in  methaemoglobin prod­
u c t io n  and i t s  f a t e  in  the human body.
The problem o f  production  was stu d ie d  with 
regard  to  the r a t e ,  s i t e  and mechanism o f  methaem- 
albumin form ation. The mechanism was examined 
fo r  evidence o f  enzyme p a r t i c ip a t io n  and when th is  
su bsequ en tly  appeared u n l i k e l y ,  a t t e n t io n  was 
d ire c te d  to the r e a c t iv e  end groups o f  th e  albumin 
m olecule. These end groups (s u lp h y d ry l,  im idazole  
and t y r o s y l )  were in v e s t ig a t e d  by ob servin g  the 
e f f e c t  o f  s p e c i f i c  b lo c k in g  agents on the sy n th e s is  
o f  methaemalbumin from a l k a l in e  haematin and pre­
tr e a te d  albumin*
The f a t e  o f  methaemalbumin was stu d ied  by 
observin g  the disappearance o f  r a d i o - i s o t o p i c a l l y  
la b e l le d  methaemalbumin from plasma, Methaemalbumin 
appeared in  the u r in e  o f  some s u b je c ts  but in  such 
amounts as to be o f  l i t t l e  importance in  the d i s ­
appearance o f  the pigment from the plasma.
F i n a l l y ,  some c l i n i c a l  s t a t e s  which were 
c h a r a c te r is e d  by methaemalbuminaemia are  documented.
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Introduction:
Destruction of red blood cells in haemolytic 
anaemias may occur within the circulating blood, in the 
reticulo-endothelial system or both. We can therefore 
discern intravascular haemolysis, extravascular haem­
olysis, and combinations of the two. When haemoglobin 
is released into the plasma during intravascular 
haemolysis in man and some animals it loses its 
structural integrity. The ferro protoporphyrin (haem) 
of haemoglobin becomes oxidised and presumably split 
off from globin. The ferri protoporphyrin or methaem 
then combines, in most instances, with albumin to 
form methaemalbumin.
Methaemalbumin is largely responsible for the 
muddy colour of plasma obtained from individuals 
with intravascular haemolysis from any cause. It 
was first described by Fairley in 19^1 (Fairley,
19^1) and he realised that it arose from free 
extracorpuscular haemoglobin and plasma albumin.
This brown pigment was previously thought to be 
methaemoglobin (hemiglobin). Fairley different­
iated the two pigments by demonstrating that 
methaemoglobin was always intracorpuscular but 
methaemalbumin occurred only in the plasma.
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I t  was fu rth er suggested that during 
haemoglobinuria the pigments found in  urine were 
e ith er oxyhaemoglobin or methaemoglobin and never 
metha emalbumin.
Chemical and spectroscopic d iffe re n tia tio n s  
were also  demonstrated* When Stokes* reagent or 
d ilu te  ammonium sulphide were added to methaemo­
globin the peak in  the spectrum was rapidly- 
dispersed w hilst the spectra of methaemalbumin and 
sulphhaemoglobin remained unchanged. A c h a ra c te r is tic  
response of the spectrum of each pigment was observed 
when concentrated ammonium sulphide was used (Schumm, s 
t e s t ) .
F a irley  showed th at the absorption spectrum 
of methaemalbumin, as ohserved in  the Hartridge 
reversion spectroscope, had an oL band at 623 to 
62k mJjuu f a /3 band at Jbo  to  5*fl m^ and a fa in te r  
Y absorption at 500 to 501 m/^ -.
He synthesized methaemalbumin from human 
and monkey albumins and a lk a lin e  haematin and showed 
that the sedimentation ra te  of methaemalbumin was 
the same as albumin. In fa c t  i t  was only with serum 
and albumin from man and monkeys that F a irley  was 
able to detect any s ig n ifica n t degree of methaem­
albumin production. This he a ttrib u ted  to the
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presence of "crystalbumin" in human and monkey plasma.
Most of these methaemalbumin studies were 
carried out on plasma from individuals suffering from 
Blackwater fever but artificial production of the 
pigment in vivo was achieved by the injection of 
alkaline haematin. Duesberg (1933) injected 
200 mg of haematin into a 75 Kg man but considered 
that haematinaemia resulted. HeilmeyerC^^l) 
investigated the absorption spectrumcf alkaline 
haematin in serum and considered that the resulting 
spectrum was due to a conjugation of haematin and 
protein rather than haematin in a free state.
Fairley (19^1) injected h mg of haematin 
per Kg into a male volunteer and noted, using 
Schumm's test, the appearance of methaemalbumin in 
one to two hours. This test remained positive for 
forty-five to fifty-three hours. Fairley was, 
however, unable to detect any increase in plasma 
bilirubin. The pigment which was formed in the 
plasma after the injection of haematin had all the 
chemical and spectral characteristics of methaem­
albumin. He further showed that in Blackwater 
fever, after haemolysis had ceased, the persisting 
plasma pigment was methaemalbumin.
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Rosenfeld and Surgenor (1950, 1952) have made 
a study of the more quantitative aspects of the 
interaction between human serum albumin and ferri 
protoporphyrin IX (beematin). In the course of 
their investigations they demonstrated that there 
was a loss of albumin binding unless the haematin 
hydrochloride was dissolved in 0.1 N NaOH and rapidly 
diluted to 0.0C1 N NaOH. These workers reported 
the absorption maxima of the albumin/ferri proto­
porphyrin IX complex to be at 500, 5*+0 and 623
Spectrophotometric titrations of albumin 
and haematin were performed at *+03 mp~and the ratio 
of haematin to albumin was found to be 2:1. Y globulin 
was used as a control to obviate non-specific 
protein/haematin effects.
It was originally thought that a fall in 
pH brought about dissociation of the methaemalbumin 
but with investigation this was found to be incorrect.
These facts lead Rosenfeld and Surgenor 
(1952) to suggest the use of the haematin binding 
reaction as a basis for serum albumin determinations. 
Chemical and physical data supporting this concept 
were the simple stoichiometry, the high association 
constant and the rapidity of the combination. The 
authors drew attention to the reports of the possible
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combination of haem with other plasma proteins but 
concluded that while the method was reasonably 
accurate on whole plasma, it could be enhanced by 
prior plasma fractionation.
From the foregoing it is evident that 
methaemalbumin will be formed whenever haemoglobin 
is released from the corpuscles into the plasma 
and that the bonding between the molecules of haem 
and albumin is of considerable stability. With this 
background, work was conducted into the rate, site 
and mechanism of methaemalbumin formation and its 
fate in man.
mmm:
Schumn^s test was modified so that the 
alteration in absorption was determined in a Hilger 
Uvispec spectrophotometer rather than in a reversion 
spectroscope.
Alkaline haematin titrations of human albumin 
and plasma were performed by the method of Rosenfeld 
and Surgenor (1950).
Particular experimental details appear when 
the various experiments are discussed. However a 
new method for the study of haem pigments in 
biological fluids was introduced during these studies
and is reported in the next section,
A Jiew method .for the detection of haem pigments, using 
filter paper electrophoresis *
The presence of methaemalbumin can be 
adequately demonstrated by the reversion spectro­
scope or by Schumm*s test, but neither of these 
tests allow the detection of haem pigments other 
than haemoglobin and methaemalbumin, Further, the 
quantitative estimation of methaemalbumin in solut­
ions of mixed haem pigments by usual methods presents 
considerable difficulties,
A method was evolved (Hensley and Blackburn, 
1952) for separating methaemalbumin from haemoglobin 
and other haem pigments by filter paper electrophoresis 
Any filter paper electrophoretic method (for example 
Kunkel and Tiselius, 1951, or Cremer and Tiselius,
1950) may be used, but the more modern techniques 
are preferred because they are less open to error 
and artefact. For the simple separation of haem 
pigments in serum the following technique was used:
0.01 - 0.03 ml of serum was placed on appropriate 
filter paper prepared with veronal buffer, pH 8.6 
and molarity 0,01 - 0,5 and electrophoresis carried 
out for 12 hours between siliconed glass plates. The
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paper was then dried and sprayed with benzidine reagent 
as described by Franklin and Quastel (19*+9)« When 
haem pigments were present a blue colour developed 
immediately in the albumin and P globulin ranges, 
representing methaemalbumin and haemoglobin respect­
ively (see Figure 1). There was little or no 
background colour. No colour developed when a serum 
containing no haem pigments was used.
For quantitative estimations electrophoresis 
was performed in a similar manner and the significant 
areas were cut out from the dried paper. Two methods 
were employed to locate these areas: i) duplicate
strips were made, one of which was sprayed and the 
other put aside for pigment quantitation; ii) a 
•‘marker“ in the form of normal serum to which 
brom phenol blue has been added, was applied to the 
same paper strip as the test serum during the initial 
preparation of the paper. The strip containing the 
haem pigments could then be divided transversely 
at equal and measured distances. The paper segments 
were then placed into the benzidine reagent and 
allowed to react for a set time. The method of 
haem estimation was that of Bing and Baker (1931), 
the final colour being read in a Hilger Uvispec 
spectrophotometer.
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Haemoglobin Methaemalbumin
FIGURE 1; The electrophoretic separation of haemo­
globin and methaemalbumin in sera from: a) paroxysmal 
nocturnal haemoglobinaemia at the height of an attack;
b) same patient during defervescence of the attack;
c) normal patient 20 minutes after the artificial 
induction of intravascular haemolysis; d) same 
patient after three hours continued intravascular 
haemolysis.
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When the paper was divided into transverse 
strips it was possible to construct a graph based 
on optical densities which resolved the proportions 
of haem present tn the methaemalbumin and haemoglobin 
areas respectively, A suitable wave length at which 
to read the colour was investigated by applying 
solutions of haemoglobin of various concentrations 
to filter paper, treating with benzidine reagent 
and reading at various wave lengths. The results 
of these experiments are shown in Figure 2.
In order to determine whether a straight 
line relationship existed between the amount of 
methaemalbumin present on the paper and the optical 
density obtained after reaction, the following 
experiments were carried out,
Methaemalbumin was prepared by the addition 
of appropriate amounts of alkaline haematin to serum 
albumin. These mixtures were then incubated and 
5 cmm were spotted on to filter paper saturated with 
buffer. Electrophoresis was conducted in the usual 
manner and the haem containing areas removed. After 
drying they were added to benzidine reagent and 
allowed to react. The results may be seen in 
Figure 3*
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FIGURE 2 : This diagram illu stra tes  the optica l
densities obtained in  the estimation o f haemoglobin 
by the Bing and Baker method at various wave lengths. 
This type o f investigation  preceded the quantitation 
o f the estimation o f  haem pigments by f i l t e r  paper 
electrophoresis•
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FIGURE 1* This figure shows the line obtained when 
known amounts of synthesized methaemalbumin are spotted 
on filter paper, submitted to electrophoresis and 
estimated by the Bing and Baker method without prior 
elution*
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It can be seen that this method offers 
a useful qualitative and quantitative tool in the 
investigation of intravascular haemolysis. Rapid 
separation and identification of whatever haem 
containing pigments are present is possible by 
using high voltages. The methods sensitivity in 
the detection of haem pigments in plasma is greater 
than either Schummfs test or the reversion spectro­
scope.
RATE OF .FORMATION OF METH A EM ALBUMIN;
The rate of combination of alkaline haematin 
with albumin is very rapid and Rosenfeld et al 
have shown that the reaction is 91$ complete in 
30 minutes at 27° C and 100$ complete in 30 minutes 
at 38° C. This bears out what has been observed 
in vivo. Fairley was able to detect methaemalbumin 
in the plasma 1 to ^ hours after the injection of a 
haematin solution into man. It can be demonstrated 
that haematin begins to combine with albumin almost 
immediately by examining such a reacting mixture 
spectrophotometrically at 38° 0 at *f03 mjx .
The rate of in vivo production of methaem­
albumin from haemoglobin was studied in a number of 
individuals. Some were receiving intravenous infusions
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of distilled water, and others, injections of their 
own haemoglobin*
Methaemalbumin in plasma could be demonstrated 
electrophoretically within five minutes of the appear­
ance of free haemoglobin in the peripheral circul­
ation. This finding was invariable and occurred 
irrespective of the mode of production of free 
circulating haemoglobin. An example of such a 
response is seen in Figure *+* The characteristic 
declining concentration of plasma haemoglobin is 
also seen accompanying the sustained increase in 
methaemalbumin concentration.
SITE OF FORMATION OF XETliAMALBTMIÜi
The site of methaemalbumin production is 
undoubtedly the plasma. This is indicated by the 
rapidity of the reaction in vivo and the in vitro 
formation of methaemalbumin from either haematin 
or haemoglobin in plasma. Experiments were 
carried out in which plasma and albumin were 
incubated with haematin or haemoglobin at 38° C 
and then electrophoresis of the mixture was 
performed*
It will be shown later that some tissue 
juxtaposed to the circulation, probably the reticulo­
endothelial system, has a high affinity for haem and
- 9 *+ -
Illustrating an experiment on a patient 
suffering from paroxysmal cold haemoglobinuria.
"Arm1 and ^leg" indicate immersion of the extremity 
in cold water. The concentrations of methaemalbumin 
and haemoglobin in plasma as measured by the optical 
density of the benzidine reaction after electro­
phoresis are shown by the lines joining x and • 0 
The characteristic early formation and sustained 
increase of methaemalbumin is clearly seen.
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it seems unlikely that, having once taken up the 
haem of haemoglobin, it would pass it on to albumin.
The substance formed when haemoglobin 
is released into plasma could theoretically be 
either methaemalbumin or methaemoglobin/albumin.
The evidence to hand would indicate that the 
haem is removed from the globin before it becomes 
attached to albumin. Fairley has shown that the 
ultracentrifugal behaviour of methaemalbumin is 
the same as albumin (Fairley, 19^ -1). Further, 
the spectrum of methaemalbumin found in vivo 
is the same as methaemalbumin found by addition 
of alkaline haematin HC1 to albumin in vitro 
(Fairley, 19^1, and present report). Finally 
the behaviour of methaemalbumin during filter 
paper electrophoresis is the same irrespective 
of the method of preparation. The same migration 
occurs with the following preparations -
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Plasma incubated with adult human haemoglobin
it h " haematin
h h 1 animal haemoglobin 
“ animal foetal haemoglobin 
“ human haemoglobin I
h h
M h
“ obtained from cases of intravascular haemolysis
Haemolysed plasma which is incubated
All this evidence suggests that only the 
ferri protoporphyrin IX is attached to the albumin*
iw smMsmw. ■amsssta jm, >p .;
Theoretically, the binding of haematin 
to albumin could be brought about enzymatically or 
by competitive affinities. Experiments were designed 
to explore these possibilities. Methaemalbumin was 
formed in the following ways and its presence was 
demonstrated by filter paper electrophoresis.
1) Plasma plus haemoglobin
2) Plasma plus alkaline haematin
3) Albumin plus alkaline haematin
b ) Albumin plus haemoglobin
5) Intravascular haemolysis or the presence of 
free haemoglobin in the circulation.
The formation of methaemalbumin proceeds
with rapidity in vitro not only when albumin and 
haematin are mixed but when haemoglobin is added to 
albumin. These isolated systems are free of known
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enzymatic activity other than that ascribed to 
haemoglobin itself. The concept of the non- 
enzymatic nature of methaemalbumin formation is 
strengthened by the observation that its production 
occurs at *+° C in stored pooled human serum 
(unpublished data). The most likely determining 
forces are those of the affinities of proteins for 
a prosthetic group. It would seem that while there 
is no competition with globin for its haem in the 
red cells, once the haemoglobin escapes into the 
circulation immediate competition is engaged by plasma 
albumin.
Fairley, using spectroscopy, was unable to 
detect methaemalbumin in the plasma of pigs, dogs, 
horse, rabbit, sheep, guinea pig or cat. Methaemalbumin 
was only found in the plasma of man, Cereopithicus 
aethiops. Macacus irisT rhesus and slnicus.
Haem binding by albumin has been demonstrated 
in the present studies not only in man, but to a 
slight extent in some animals and to a marked degree 
in the Australian opossum, Trichosurus vulcicula,
(vide infra).
If the transfer of haem from haemoglobin 
to albumin is due to competitive affinities, an 
explanation of the observed species differences in 
methaemalbumin formation can be proposed. It is
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known that species differences occur in proteins, 
including the plasma proteins and that in many 
instances their surface active groups are different. 
This might well explain the relative reluctance of 
haemoglobin to give up its haem to some albumins.
Haemoglobin from all sources so far 
examined will form methaemalbumin with human plasma 
or albumin. Human haemoglobins A, F, and I have 
been used and no difference detected. In contrast 
with these the haem containing proteins cytochrome 
C and peroxidase, with haem-protein bonding different 
from haemoglobin, will not form methaemalbumin when 
added to plasma or human albumin.
Since the porphyrins are the same through­
out the animal haemoglobins and differences in the 
nature of the plasma proteins are known to exist in 
various species then, in the absence of an enzymatic 
mechanism in the synthesis of methaemalbumin, the 
affinities mentioned above become all important,
THE MECHAHIS.M OF liAEMATIN BINDUKI, TO, .ALBUMIN:
Considering the rapidity with which laematin 
will bind to albumin in vivo and in vitroT the high 
association constant and stability over a wide pH 
range (Rosenfeld and Surgenor, 1950), it was of 
some interest to investigate the possible receptive
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groups on the albumin molecule which might bind 
the haematin. Little help was forthcoming from 
speculation into the possible reactive groups at 
physiological pH because most of the available groups 
of albumin would be reactive in this range. Much 
recent work on serum albumin has been directed 
towards investigating, firstly, the free end groups 
of protein and, secondly, the more or less specific 
reactions in which they will participate. Hughes 
(Hughes, 195*+) draws attention to the well known 
heterogeneity of the albumins and this is not 
overcome even by repeated recrystallisations from 
ethanol-water mixtures. Ultracentrifugal analysis 
and electrophoresis, including a small amount of 
reversible boundary spreading, has strengthened this 
hypothesis. Indeed under suitable circumstances in 
boundary electrophoresis, five separate refractive 
peaks can be obtained. This was attempted on 
filter paper in this laboratory without success.
Sulphydryl groups are of great relevance 
in any investigation into protein binding because 
of their known remarkable reactivity. Hughes and 
others (Hughes, 195^) have made a considerable
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study of the reactions of sulphydryl groups of 
presumably undenatured albumin molecules with 
various ions. Lack of stoichiometry in earlier 
heavy metal/protein complexes was undoubtedly due, 
according to Hughes, to insufficiently pure prepar­
ations. With more refined materials, in particular 
better protein preparations, more exact study of the 
nature of binding of such ions as PO3 , Zn++ and 
Hg+”h has been possible. It is certain that many 
binding sites exist on the surface of a protein 
and that failure to saturate these with any given 
agent will lead to non-reproducible results.
However, by using agents with more specific affinities 
for specific groups it should be possible to bind 
completely all such available groups.
The mercury-sulphur bond that is formed 
in the protein mercaptides is stronger than that 
found in any other mercury linkage in the protein 
molecule and the affinity of mercuric ion for 
RS- groups appears similar to its affinity for
oCN-, (Kp - 10°). Complications can arise when 
one considers that groups other than the thiols have 
considerable affinity for mercuric ion and presum­
ably can act when the thiols are saturated. Exper­
ience with mercuric chloride, indicates that under
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suitable circumstances a fraction of albumin can 
be obtained which reacts specifically with mercuric 
ion (Hughes, 195^)* This is called mereaptalbumin 
and contains one SH group per molecule. The remain­
ing fraction or fractions of albumin do not contain 
a free SH group* No other differences have been 
observed in the two fractions and sulphydryl contain­
ing albumin is approximately equal to two-thirds of 
the total. The remaining molecules may have lost 
their SH groups by oxidative or coupling reactions.
In this discussion it is tacitly assumed that in the 
absence of denaturation a sulphydryl group has to be 
peripherally placed on the proteih molecule in order 
to be reactive. The reaction of dimerization, the 
formation of an albumin dimer in the presence of 
di-reacting mercuric ion, has a high temperature 
coefficient which might indicate some molecular 
rearrangement and suggests that the sulphydryl 
group was made available during the reaction.
However, its capacity to react with methyl mercuric 
iodide with the same association constant as cysteine 
suggests that the sulphydryl group is indeed free 
and not bound by internal linkage. It is necessary 
to labour this point somewhat because many workers 
have been unable to satisfy themselves of the 
presence of free sulphydryl groups in human albumin.
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Recrystallisation of the mercury complex of albumin 
indicates that it contains exactly half a mole 
of mercury per mole of albumin strongly suggesting 
the formation of a dimer. The mercuric dimer of 
albumin has been crystallised in this laboratory.
The occurrence of dimer formation is substantiated 
by ultra centrifugal analysis on fresh preparations 
(normal albumin component S20 - *+.6 and a further 
component S20 = 6.5), The reaction may be 
summarized as follows
Alb SH + HgCl2 -- *  Alb s HgCl
( 1 ) +
Alb SH
(2) J r
(Alb S)2 Hg (dimer)
The dimer is relatively unstable and will 
dissociate slowly in time or more quickly with 
addition of further HgCl2 * Hughes (Hughes, 195*0 
has demonstrated this dissociation by nephelometry 
showing maximum light scattering at 0.5 moles of 
mercuric chloride per mole of mereaptalbumin and 
a return to the base line at 1 mole per mole.
In these experiments he used 10 gm per 100 ml 
solutions of serum mereaptalbumin following equil­
ibration with predetermined molar ratios of mercuric 
chloride. However, as far as this study is concerned
103
it is of importance to note that while reaction (2) 
is readily reversible, reaction (1) can only be 
reversed when some agent such as cysteine or B.A.L. 
is added to the system.
Gurd and Goodman (Gurd and Goodman, 1952) 
offered good evidence of the exclusive binding of 
zinc ions by imidazole groups rather than carboxyl 
or amino groups of proteins. Increased binding 
occurred with increase in the concentration of zinc 
ions and NaOH. Calculation of the intrinsic binding 
constant of zinc with albumin closely approximated 
the first association constant of zinc ion and 
imidazole (Log - 2.76, intrinsic association 
constant for zinc ions with imidazole groups; with 
serum albumin log K°2njm - 2.82). There is some 
evidence that there is competition by hydrogen ion 
for ihe binding site and hydrogen ion containing buffers 
were avoided. With this evidence to hand the role 
of imidazole groups in the binding of haematin 
by albumin was undertaken.
According to Hughes and Straessle (Hughes 
and Straessle, 1950) tyrosyl residues react quite 
specifically with iodine in potassium iodide provid­
ing one stops the reaction short of stoichiometric 
equivalence. As stoichiometric equivalence is 
approached, some other residue, probably histidyl,
- lc* -
also reacts slowly* For the purposes of this study 
the latter complication was ignored and studies with 
iodination were undertaken to determine whether the 
latter interfered with the binding of haem by albumin. 
These experiments were also necessary because studies 
on methaemalbumin in vivo using radio active iodine 
labelled albumin were contemplated.
From experiments reported earlier in this 
study it appeared that the union of haematin with 
albumin was a function of affinities. It was there­
fore decided to determine whether sulphydryl groups, 
tyrosyl groups or imidazole groups were involved 
in the binding of haematin. With this aim in 
view experiments using inorganic ions and elements 
to bind specific end groups of the albumin molecule 
were carried out. The influence of such binding on 
the formation of methaemalbumin was then studied.
Experiments with inorganic ions and elements r.
Matprjalg.i
(A) Human albumin was prepared by the method 
of Hoch and Chanutin (195*+) which depends chiefly 
on the observation that, in the presence of organic 
stabilisers such as acetyl tryptophan, or better, 
caprylic acid, albumin becomes stable to heating up 
to 70° C.
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Whole blood was citrated with acid citrate 
dextrose which was prepared as follo\*s, 12. b gm 
citric acid, f^.27 gm NaOH and 1?.0 gm dextrose in 
500 ml of water. The pH was *+.8 and 7? ml were 
used for each 500 ml of blood.
The plasma was obtained by centrifuging 
the blood in a refrigerated centrifuge for *+5 
minutes. The plasma was removed by means of a 
pipette, great care being taken not to aspirate 
any red blood cells. If there was any sign of 
haemolysis at this stage, the plasma was discarded. 
Haemoglobin is a relatively heat stable protein and 
would contaminate the product of the preparation.
The pH of the cold plasma was adjusted to 
7.0 and 0.0*+ M caprylate added and after thorough 
mixing the plasma was heated. The control of the 
temperature is a very important factor in this 
preparation. If the temperature falls below the 
one specified, some of the globulins remain unden­
atured while if the temperature is allowed to rise 
above 70° C the albumin begins to denature and the 
yield is considerably lowered. The plasma was heated 
at 70° C for one hour and after cooling, the pH was 
adjusted to *+.2 by the addition of N HC1, The
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denatured globulins were then removed by centrifug­
ation in a high speed refrigerated centrifuge. The 
supernatant was dialysed for two days in a refriger­
ator against frequent changes of distilled water. In 
order to remove traces of cations and anions (espec­
ially caprylate) the supernatant was passed through 
columns of Zeo-Karb 225 and Deacidite FF.
in the refrigerator.
Tests for purity of albumin preparation;
1. Optical rotation: It has been found that
optical rotation provides a guide to the purity and 
extent (if any) of dénaturation of plasma albumin. 
When dénaturation occurs the laevo-rotation of the 
protein at neutral pH increases. The range for 
"pure" albumin is given as -59»5 to -6^.5 at pH 5*
The prepared albumin was tested as a lf0 
solution in glycine buffer ionic strength 0,05.
error of the correct value for the optical rotation 
of plasma albumin. The result suggested that no 
denaturation had taken place.
The solution was then freeæ*dried and stored
was found
to be -5*+. This value is within experimental
2. Sedimentation-diffusion: A single
peak was obtained and no more than 1% impurity
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(e.g. globulin) could be present. On this criterion 
the protein was or more, pure.
Mean sedimentation-diffusion coefficient 
obtained -
S = ^.3 X 10"13
S, quoted = *+.6 x 1CT-*-3
(B) Haematin was prepared from packed human 
red cells by the method of Fischer (19^1) and was 
recrystallised once from pyridine and chloroform. 
Purity of the preparation was checked spectrophoto- 
metrically.
All chemical reagents were "analytical 
reagent" grade.
A Hilger Uvispec spectrophotometer was used 
throughout.
General design of experiments with inorganic ions 
and elements;
The various experiments using mercuric and 
zinc ions and iodine respectively were designed to 
study the capacity of albumin to bind alkaline 
haematin after blocking the reactive groups of the 
albumin molecule. In the case of mercuric ion 
investigations it was assumed that two-thirds of the 
albumin was mercaptalbumin and all estimations and 
calculations were made on this basis. The formation
of methaernalbumin was followed spectrophotometric- 
ally at *+03 V)M using the method of Rosenfeld and 
Surgenor ( 1950)* These authors also showed that 
haematin could lose its albumin binding property, 
in time, by alkali conversion and therefore the 
haematin solutions were prepared immediately before 
use and rapidly brought to 0.001 N NaOH after solution 
in 0.1 N NaOH.
(1) Experiments. .with zinc -ions,;.
238.5 mg of freeze dried albumin were diss­
olved in 5 ml of glass distilled water. 2 ml of
a solution containing 0.15 M sodium nitrate and
1.835 x 10“" ^ m sodium hydroxide were added. Under
these circumstances the OH* ion was present to the
extent of lV moles per mole of albumin.
The treated protein solution was then halved.
One half was added to 1.5 ml of a 2 x lO"’*1“ M zinc
sulphate solution in water. In this experiment the
. kalbumin concentration was 3.67 x 10 M, the zinc 
ion 6 x 10“*3 m and the ratio of zinc to albumin 
was 16.35 to one.
1.5 ml of water were added to the remaining
half.
Reaction was allowed to proceed for ^3 hours
at 2° C.
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With similar technique it has been shown that 
imidazole groups of the protein are inactivated 
(Gurd and Goodman, 1952).
At the end of *+3 hours, protein solutions 
were diluted 1 in 10 with phosphate buffer pH 
7.3 f“/2 5 0.1, After equilihration at 38° C for 
30 minutes, haematin titrations were carried out, 
according to the method of Rosenfeld and Surgenor.
The control protein solution was that treated 
identically except for the addition of zinc sulphate.
Results;
The results are expressed in graphic form in 
Figure 5 which includes the values for haematin 
titrations with and without zinc ions. The binding 
of the imidazole groups of human albumin is without 
effect on the formation of methaemalbumin.
(2) Experiments with iodine!
310 mg of freeze dried serum albumin were
dissolved in 20 ml of glass distilled water and the
concentration of albumin was 2.39 x 10 M. 6 ml
of 2/3 M sodium borate solution were added and the
mixture was halved. To one half, serving as
control, were added 2 ml of glass distilled water.
-3The other received 2 ml of 17.9 x 10 M iodine 
solution in 35*8 x 10 J M potassium iodide. Final
- no -
0*4 1-2 2-0 2*8
MOL E S  HAEM / MOLE ALBUMIN
FIGURE 5* Results of the effect of zinc ion 
binding by albumin on methaemalbumin formation 
as studied by alkaline haematin titrations0 
• represents formation after addition of 
zinc ions and x the control.
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pH of the solution was 9.15. Final iodine concent­
ration was 30 g atoms per mole of protein. The 
reaction was allowed to proceed for 23 hours at 
2° C. Under these conditions, complete binding 
of tyrosine groups occurred with minimum oxidation 
of sulphydryl groups ( Hughes and Straessle, 1950).
At the end of this time, the solutions were 
diluted 1 in 10 with phosphate buffer P/2 - 0.1 
pH - 7*3 and equilibrated at 38° C for 30 minutes. 
Haematin titrations were then carried out.
The manipulation of human albumin in this 
fashion leads to iodination of tyrosine and possibly 
histidyl groups.
Examination of Figure 6 where the results 
of the haematin titrations after iodination are 
graphed showed that no difference in haematin 
binding occurred with the iodinated protein.
(3) Experiments with mercuric ions:
These experiments were complicated by the 
fact that mercury/protein and alkaline haematin/ 
protein reactions proceeded at different rates. 
Because of this, experiments were designed to 
follow haematin binding at specified times during
-  112
FIGURE 6: Results of the effect of iodination of
albumin on methaemalbumin formation as studied by 
alkaline haematin titrations. • represents 
formation after iodination and x the control
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mercury/protein interaction. Complete mercapt— 
albumin dimer formation requires 180 minutes at 
0° C and Surgenor has shown that haematin binding 
by albumin is complete in 30 minutes at 38° 0.
All experiments on haem binding were at room temp­
erature and the time of complete reaction was longer 
than 30 minutes.
The total amount of albumin present was 
known in each instance and two-thirds were assumed 
to represent the mercaptalbumin. The albumin was 
dissolved in acetate buffer r/2 0.002 pH M O  at
21° C and cooled to 0° C. The mercaptalbumin
0 Kmolarity was between o - 10 x 10 M. The molecular 
weight of albumin was taken as 65,000 (Hughes, 1950), 
Mercuric ion was added in appropriate molarities 
to the albumin in acetate buffer. The mercury as 
mercuric acetate was dissolved in glass distilled 
water in such a concentration that when added to 
the protein solution the acetate buffer ionic 
strength was reduced to 0.001, Such a manipulation 
was necessitated by the influence that ionic strength 
has on the formation of mercaptalbumin dimer.
Aliquots were taken from such reacting 
mixtures at predetermined times and after dilution 
to 1 in 100 with phosphate buffer pH 7*3 f"/2 0.1,
11  ^ -
alkaline haeraatin HC1 was added. The haematin/ 
albumin molar ratio was 2 to 1 in each case and 
the development of methaemalbumin was followed with 
time at ^03 m^in a Hilger spectrophotometer at 
room temperature. Dilution of the protein mercury- 
mixture by 1 in 100 and the alteration of the pH 
to 7.3 greatly slows any further formation of dimer,
The arrangement of every experiment followed 
these general lines.
ESBSrJLqmt.A:
Albumin was allowed to react with mercuric 
ion in molar ratios of 0.5 mercuric ion to 1 of 
mereaptalbumin. The control was albumin prepared in 
a similar manner except for the inclusion of mercuric 
ion. Aliquots were taken from the mercury/protein 
mixture immediately after addition of mercury and 
180 minutes later. Mercury/protein interaction 
was conducted at 0° C but after dilution 1 in 100 
the temperature soon came to room temperature when 
haematin additions were performed.
Results;
The results are expressed in Figure 7.
The formation of methaemalbumin was normal in the
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FIGURE ?; Experiments with mercuric ions 
illustrating Type A studies, Hg^/merc apt albumin 
ratios were 0 (o) and 0o5 moles Hgft/mole mercapt- 
albumin. The experiments containing Hg++ were 
examined for methaemalbumin formation at zero 
minutes ( è ) and 180 minutes ( 0 ) 0
absence of mercury but when 0,5 moles of mercuric 
ion were allowed to interact with one mole of 
mercaptalbumin for 180 minutes complete inhibition 
of haematin binding occurred.
In this experiment mercuric ion insufficient 
for complete dimer formation was added. The mercuric 
ion concentration was 0,3 moles/mole of mercaptalbumin. 
Aliquots were examined for haematin binding immediately 
after mercury addition, at 90 and 180 minutes. The 
alkaline haematin HC1 was added at a concentration 
of 2 moles/mole of albumin*
The results are graphed in Figure 8 where 
progressive inhibition of methaemalbumin formation 
may be seen.
In contrast with the previous experiment 
some binding of haematin occurred at 180 minutes 
which would be anticipated if free SH groups were 
implicated in the union, because at a mercuric ion/ 
mercaptalbumin molar ratio of 0.3 to one only three- 
fifths of the SH groups would be taken up by mercuric
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FIGURE 8; Experiments with mercuric ions, illust­
rating Tyjge B studies© Protein concentration 
^ 6  x ICT* M, mercuric ion 0.91 x lO“*4” M which is 
equivalent to 0.3 moles Hg*4/mole mercaptalbumin. 
Temperature 0° C, pH *+.90. Haematin-protein inter­
action was studied at 21° C, protein concentration 
2.3 x 10“  ^m , haematin 2 moles/mole of albumin. 
Aliquots of the Hg/protein mixture taken at ( • )
0 minutes, (0) 90 minutes and (x) 180 minutes and 
methaemalbumin formation followed with time.
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Experiment C;
This experiment represents the comparison 
of the effects of the presence of 0,3 moles and 0,? 
moles of mercuric ion/mole of mercaptalbumin immed­
iately after the addition of mercury, on the capacity 
of the albumin to bind alkaline haematin HC1.
Figure 9 illustrates the results. The curve 
of optical densities determined during methaemalbumin 
formation for 0,5 moles Hg^i/mole of mercaptalbumin 
compares well with that seen in Figure 7. Further­
more, the great decrease in haematin binding at 
0,5 moles Hg+*/mole °f mercaptalbumin compared with 
0*3 moles Hg^/mole of mercaptalbumin is obvious.
Comment on results, of experiments with inorganic 
ions and elements:
The influence of the inactivation of various 
end groups in the human plasma albumin molecule 
on the formation of methaemalbumin has been studied, 
Tyrosyl, and imidazole groups do not appear to be 
involved in the union of ferri-protoporphyrin IX 
with albumin. On the other hand when all the 
sulphydryl groups of mercaptalbumin are taken up
-  119 -
T IM E  A F TE R  HAEM ADDITION, MINS.
FIGURE 9 i Experiments with mercuric ions 
illustrating Type C studies* Comparison of 
methaemalbumjn. formation after addition of 
0.3 moles Hg "Vmole of* mercaptalbumin (0) and 
0*5 moles Hg^/mole °f* mercaptalbumin (•).
Hg+* and protein concentrations and manipulations 
as in Type B experiments. Methaemalbumin 
formation followed immediately after Hg+t addition«.
12C -
by di-reacting mercuric ions so that complete 
dimer formation results, the production of meth- 
aemalbumin is completely inhibited* This indicates 
that the sulphydryl group of mercaptalbumin is the 
binding point for ferri protoporphyrin or, that 
juxtaposition of two mercaptalbumin molecules in 
the dimer formation, excludes haematin from some 
receptive site close to the sulphydryl.
m s qs .iim & m & m iu i in man:
The investigations in this section were 
directed to the determination of the rate of 
disappearance, from the plasma, of the two compon­
ents of methaemalbumin - haematin and albumin. The 
aim of these experiments was to determine whether 
the whole molecule of methaemalbumin was engulfed 
by the cellular agency responsible for its disposal 
or whether haematin was split from the albumin prior 
to such an occurrence. It was anticipated that if 
the former prevailed, the biological half life of 
albumin would be considerably shortened when compared 
with its reported values of 9 to 21 days (Deichniller, 
Dixon and Maurer, 1953)* In order to follow the 
disappearance of albumin from the circulation, a 
tracer dose of radio-albumin was added prior to
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incubation with alkaline haematin. Experiments 
with iodination of albumin showed that the presence 
of iodine on the tyrosine groups did not interfere 
with haematin binding*
The fate of haemoglobin released during 
intravascular haemolysis or the injection of haemoglobin 
solutions had been followed by isotopic techniques 
using Fe^9 labelled haem in the haemoglobin and 
it was shown by Finch and Walsh (19^8) that most 
of this Fe?9 Can be detected in the kidney and 
later in the iron storage sites. Fairley 
demonstrated that haemoglobin rapidly left the cir­
culation after intravascular haemolysis and that 
methaemalbumin showed a rather slower disappearance 
(Fairley, 19*+1). Further, he injected haematin in 
amounts of b mg/Kg into man and found that it 
disappeared rapidly. The disappearance of haemo­
globin from the circulation is a function not only 
of its excretion by*the kidney and removal by the 
reticulo-endothelial system, but also of the splitting 
of haemoglobin probably in the circulation itself.
This change can be demonstrated in vitro and in vivo 
and the haem in an oxidised ferric form becomes 
bound to serum albumin, to form methaemalbumin.
Fairley was able to observe the disappearance of
122 -
methaemalbumin in blackwater fever where the onset 
of the haemolytic episode and to an extent its 
duration, is apparent to the investigator, and found 
that it disappeared from the circulation in about 
*+8 hours.
Fairley (19*+1) was unable to detect any 
increase in serum bilirubin after the injection into 
man of *+ mg haematin/Kg. This does not prove that 
the fate of the porphyrin of methaemalbumin is not 
bilirubin and its degradation products. Experience 
with the haemolytic anaemias indicates that a 
considerable increase in red cell destruction may 
occur before jaundice is noted. The injection 
of b mgm haematin/Kg represents an increase of 
100$ in the daily load of pigment but this could 
well be within the maximum, capacity of the liver 
to excrete bilirubin in an acute experiment.
It seems highly probable that bilirubin 
and related substances are the degradation products 
of the porphyrin of methaemalbumin; indeed, excerrt 
in such organisms as the red Daphnia (Munro Fox, 
19^0), no other products are seen.
There is, however, no information regarding 
the in vivo behaviour of the albumin which carries
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the haematin in methaemalbumin. An investigation
was therefore undertaken into the fate of this
1^1albumin using labelled albumin as a tracer.
The actual fate of the haematin of meth­
aemalbumin was not investigated in this study because 
of the wide variation in the normal 2k hour excretion 
of stercobilinogen. This would have necessitated 
administering large amounts of haematin to be able to 
detect any significant difference in excretion and 
difficulties of sterility and handling would have 
proved almost insuperable. The question could be 
settled by the use of N-1-? haematin but facilities 
for estimating were not available.
Similar quantities of haematin as had been 
used by Fairley were employed and 2*+0 mg of haematin 
hydrochloride (Light and Co) was estimated to bind 
12 gm of albumin assuming a molar binding of 2:1 
(Rosenfeld and Surgenor, 19?0). The albumin solution 
contained 25 gm per 100 ml (Commonwealth Serum Lab­
oratories) and after dilution, filter paper electro­
phoresis did not reveal any significant globulin 
contamination. Radio-iodine albumin was supplied 
as a sterile pyrogen free preparation by the 
Radiochemical Centre, Amersham, and was guaranteed
-  12k
free of diffusible iodine.
Methaemalbumin was manufactured from a 
solution of alkaline haematin incubated with albumin. 
The albumin was constituted to contain mostly non- 
radioactive albumin to which had been added a tracer 
amount of radio-albumin. An excess of alkaline 
haematin was added to the protein solution so that 
some free haematin was present, and, assuming 
Surgenor*s 2:1 haematin to albumin molar binding, 
all the albumin would be in the form of methaem­
albumin.
General experimental procedure:
Haematin hydrochloride was dissolved in 
0.1 normal NaOH prepared from analytical reagent 
grade NaOH and pyrogen free distilled water, and 
rapidly diluted to 0.001 N NaOH. It was found that 
all haematin solutions tested were pyrogenic to the 
rabbit so this final solution was exposed to an 
excess of activated charcoal for 30 minutes at 
room temperature. This was filtered through 
sintered glass and finally through activated charcoal 
packed above the filter pad of a Seitz filter into 
a sterile receptacle. Seitz filtration was repeated 
and the amount of haematin present was estimated
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spectrophotometrically on an aliquot. No further 
testing of the haematin solutions for pyrogens was 
carried out.
Transfer of the non-radioactive human albumin 
to a sterile rubber capped bottle was performed by 
a sterile syringe and needle technique. The requis­
ite amount of radio-active protein was added to this 
and the two were mixed thoroughly by gentle rocking 
without frothing. Excess of the sterile haematin 
solution was introduced and mixed by gentle rocking. 
The resulting solution was incubated at 37° C for 
30 minutes. Filter paper electrophoresis of the 
incubated sample revealed the characteristic "tailing'1 
which is seen when an excess of haematin is present 
with methaemalbumin prepared from alkaline haematin 
and albumin.
Two normal adult male volunteers (V and F) 
who had received prior treatment for 2 weeks with 
potassium iodide 20 mg b.d, were used in the exper­
iment. Each received an injection containing approx­
imately 2*+0 mg haematin, 12 gm albumin and 130 - 1^0 
microcuries of bound to protein.
The injection was followed after 30 minutes 
by a mild pyrexia (99*8° F) in subject V. This 
subsided within the first two hours. The injection 
in the subject F was not accompanied by any untoward
reaction. Thirty minutes were allowed for mixing 
in the circulation when sample 1 was withdrawn 
into a heparinized paraffined syringe through a 
sterile dry needle. Previous experience (Blackburn 
et al. 195*0 had shown that this technique did not 
cause any significant degree of accidental haemolysis» 
The blood was delivered into clean heparinised 
centrifuge tubes and centrifuged immediately at 
3000 r.p.m. After 10 minutes centrifugation the 
plasma was aspirated and cooled. No visible 
haemolysis occurred in any instance. The second 
sample was obtained approximately 20 hours later and 
then daily venepunctures were instituted.
The subjects emptied their bladders prior 
to injection and 1-|- hours later and the urine 
samples obtained were tested for heat coaguable 
proteins. The heat coagulation tests after pH 
correction were negative as were salicyl sulphonic 
precipitations (see section on proteinuria), The 
plasma samples were examined for a) radioactivity, 
b) the qualitative electrophoretic presence of meth- 
aemalbumin, and c) the relative amounts of methaem- 
albumin present in consecutive samples.
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Counting of plasma samples;
The instrument used was a scintillometer 
of conventional design with an equally receptive 
area of 8 cm diameter. In order to avoid errors 
in geometry and absorption of radiation by fluid, 
special plastic containers were constructed. These 
had an exactly equal internal diameter of 3.75 cm 
and a base which was l6 mm thick. They were 
constructed of “perspex1 which had a conduction 
of V radiation very close to that of air. Each 
container, which rather resembled a Petri dish, 
was supplied with a closely fitting plunger.
5 ml of plasma (except in two instances, 5th sample 
from F and 3rd from V when 2 ml were used) were 
carefully pipetted into these receptacles and 
then lyophilysed at h° C under identical conditions. 
The plungers were then forced home over the dried 
plasma until a set level of material was obtained.
Warm paraffin wax was then poured over the 
plungers while a glass rod maintained the latter at 
their correct depth. The counting chambers were 
allowed to cool during which the wax became solid 
and made the whole container ideal for transport 
and counting.
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During counting, background counts were 
carried out frequently and no count was conducted 
for less than ten minutes. All counts were corrected 
and duplicates agreed extremely well.
The counts on plasma taken on consecutive 
days were all brought to time zero using the table 
supplied in the Commonwealth of Australia X-ray and 
Radium Laboratories Technical Communication 33«
When counts were not performed on the same 
day some counting from the previous dayfe samples 
was repeated to ensure constancy of results,
Results are expressed in counts per minute per 
5 ml of plasma,
Methaemalbumin estimation;
Methaemalbumin was estimated, after electro­
phoretic separation on filter paper, by the method 
previously described (Hensley and Blackburn, 1952) 
and the results were expressed in optical density 
at *+00 myLo, Simple spraying of the papers confirmed 
the disappearance of methaemalbumin from the plasma.
Results,:
The complete results are documented in 
Table 1 and 2 and they are graphed in Figure 10,
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T IM E  OF SAMPLING, DAYS
FIGURE 10; The lines on the graph along the 
points • and x represent the disappearance of 
radioalbumin from the plasma of V and F respectively. 
The biological half life of albumin of methaem- 
albumin in these two volunteers was 9*0 and 9*6 
dayso The removal of haematin from circulating 
methaemalbumin is shown by the lines joining points o and A  for V and F.
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The upper lines represent the disappearance of 
radio-albumin from the plasma and the steeper and 
lower lines removal of haematin as measured by the 
quantitative benzidine reaction after electrophoresis.
The calculated half life for the albumin 
of methaemalbumin was 9*0 days in the case of V 
and 9.6 days for F. These are within the normal 
range of half life of albumin.
The haem disappeared rapidly from the plasma 
and within twenty-four hours the amount had fallen 
into an insignificant range.
The mixture injected into the volunteers 
V and F was methaemalbumin containing an excess of 
alkaline haematin. The removal of haem and the half 
life of albumin were studied. Previous experiments 
on the effect of iodination of albumin showed quite 
clearly that the latter did not interfere in any 
way with the formation of methaemalbumin from 
alkaline haematin hydrochloride and albumin. In 
addition electrophoresis revealed the binding of 
haematin to albumin and the excess of haematin.
Haematin disappeared rapidly from the 
circulation but the half life of albumin was 
within the normal range. This indicates that
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the haematin was removed from its combination with 
albumin which remained with a normal turnover time. 
When the data on the mechanism of methaemalbumin 
production are considered (vide surra) it would 
seem, that in a system juxtaposed to the circul­
ation, there exists a substance or substances with 
an affinity for haematin greater than albumin which 
remove haematin from methaemalbumin.
We believe this system to be the reticulo­
endothelial system but in the absence of Fe^ 
labelled haematin and subsequent biopsy this is 
difficult to prove.
The final degradation product of the 
porphyrin of methaemalbumin is almost certainly 
stercobilin. Because of the wide normal range 
of stercobilin excretion haematin would be 
required to elucidate this problem.
METHAEMALBUMIN IN THE URINE:
When Fairley (191+1) described methaemalbumin, 
using spectrophotometric and chemical means of 
identification, he stated that methaemalbumin was 
not found in the urine. During these investigations 
methaemalbuminuria was demonstrated in some indiv­
iduals (Hensley and Blackburn, 1953^). The method 
used was that of Hensley and Blackburn (1952),
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involving filter paper electrophoretic separation 
of the haem pigments and identification of these 
with a benzidine spray. Two groups of patients were 
studied. The first group had artificially induced 
haemolysis and the second suffered from chronic 
intravascular haemolysis. Haemoglobinuria occurred 
in all patients and methaemalbumin appeared in the 
urine of some. In the other patients haemoglobin 
derivatives were present together with albumin and 
other proteins, but no methaemalbumin was seen.
The total plasma haemochromogen level did not appear 
to influence whether methaemalbumin was formed in 
or excreted by the kidney, and methaemalbumin was 
found in the plasma of all patients. Methaem- 
albumin was found in the urine of subjects both 
with high and with relatively low plasma concentrations 
of total haemochromogen, but was absent in other 
individuals in similar circumstances. The pH of 
the urine was altered between 7#5 and 5.3 without 
affecting the conjugation of the haemoglobin 
derivatives and albumin.
Two major mechanisms for the occurrence 
of methaemalbumin in the urine have been considered, 
the first being that methaemalbumin is filtered 
and may fail to be completely reabsorbed by the
tubules, the second that conjugation of methaem- 
oglobin (Fairley, 19^ -1) and filtered albumin occurs 
in the lumen of the tubule.
It is possible that failure to demonstrate 
methaemalbumin in the urine of some individuals 
was due to chelation of the binding sites for 
haematin on the albumin molecule by some constit­
uents of urine. Denaturation of the protein must 
also be considered.
Because of the variable appearance of 
methaemalbumin in urine it cannot be included in 
the "fate of methaemalbumin". Furthermore, doubt 
exists as to whether this excreted methaemalbumin 
is from the plasma or formed in the urine.
SOME CLINICAL STATES. ASSOCIATED WITH ,METKAEMALB_UMINAEMI_A
The examples reported here fall into two 
main categories. The first group comprises cases 
in which haonoglobinaemia was prominent and 
expected, such as the Marchiafava Micheli syndrome.
The second group includes examples of severe 
haemolytic processes where the predominant mode 
of red cell destruction is the reticulo-endothelial 
system. In these patients considerable intravascular 
breakdown of red cells occurred concomitantly, 
presumably because of the severity of the disease.
-  13 ^  -
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Group I :
Marchiafava Mlchell Syndrome;
The patient with this disease had meth- 
aemalbumin in his plasma whenever it was examined. 
Haemoglobinaemia usually appeared between 0300 
and 0500 hours each morning. Methaemalbumin made 
an almost simultaneous appearance and although 
haemoglobinaemia disappeared during the morning or 
early afternoon (0800-1300 hours) methaemalbumin- 
aemia persisted throughout the rest of the day.
Incompatible transfusion:
Massive haemoglobinuria with gross haemo­
globinaemia and methaemalbuminaemia characterised 
this accident. Haemoglobinaemia could rarely be 
detected some hours after the original episode. 
Methaemalbuminaemia outlasted the haemoglobin­
aemia and could be demonstrated during the first 
twenty-four to thirty-six hours.
Paroxysmal cold, haemoglobinuria:
When blood from a patient with this 
syndrome was allowed to stand either at room 
temperature or in a refrigerator, destruction of 
red cells occurred, Haemoglobinuria, haemoglobin­
aemia and methaemalbuminaemia were repeatedly
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observed in this patient.
A deliberate experiment was performed in 
which haemolysis was induced by cooling an extremity 
and the occurrence of haemoglobinaemia and the 
formation of methaemalbumin were followed.
The patient*s right arm was immersed 
in an iced water bath (temperature 3° C) for 
eleven minutes. Blood was taken from the arm which 
was immersed and from the opposite arm. Collections 
were made into paraffined syringes to minimise 
accidental haemolysis. Plasma was rapidly separated 
by centrifugation and 5 cmm of each plasma sample 
was applied to filter paper soaked with veronal 
buffer pH 8.6 and submitted to electrophoresis. The 
electrophoretic estimation of methaemalbumin and 
haemoglobin was then carried out. Figure b (page 9*0 
illustrates the results. There was a rapid rise in 
haemoglobin concentration in the plasma from the 
cooled arm and a more gentle but more sustained 
rise in methaemalbumin concentration which peristed 
as the haemoglobin concentration fell after the 
first few minutes.
In the opposite arm, which represented the 
condition of the plasma after mixing there was a 
parallel increase in the concentrations of haemo­
globin and methaemalbumin,
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The patient's leg was similarly cooled 
some 3^ hours later but he became intolerant of 
further manipulations and the experiment was 
discontinued. The rise of both haemoglobin 
and methaemalbumin in the final sample can be 
explained by the fact that it was taken after 
immersion of the leg and does not represent a 
consecutive specimen (indicated by the dotted 
line)*
¿roup .2;
laute -acquired ■haemolytic .anaemia:
All patients in this group showed a 
positive Coomb's reaction. Splenomegaly was 
present, hyperbilirubinaemia was considerable and 
all received treatment with ACTH or cortisone.
They did not differ from the usual type of acute 
acquired nextravascularM haemolytic disease except 
that the process was severe and methaemalbumin- 
aemia and haemoglobinaemia occurred. They are 
merely included here to verify the fact that when 
any haemolytic mechanism becomes sufficiently 
severe some destruction of red blood cells will 
take place in the circulation.
A special instance of such a process
followst
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Hr^throblast.Qsis. foetalis;
Blood for these experiments was obtained 
into clean heparinised syringes from the umbilical 
vein of affected infants immediately prior to 
exchange transfusion. Blood was only obtained 
from moderate to severe cases of Rh incompatib­
ility. After collection, the heparinised blood was 
delivered into dry centrifuge tubes and cooled but 
not frozen. The plasma was separated from the cells 
within half an hour by centrifugation. The plasma 
was immediately spotted on to filter paper previously 
damped with the appropriate buffer and filter paper 
electrophoresis carried out (Hensley and Blackburn, 
1952).
Examples.;
A full term female infant weighing seven 
and one-quarter pounds and 21 inches in length 
was studied, whose mother was aged 30 and who had 
2 living unaffected children. No agglutinins were 
present during the mother*s first two pregnancies.
Her blood group was A Rh negative and anti-D.
Plasma from this child whose birth haemo­
globin was 15 gm/100 ml showed the presence of 
appreciable quantities of methaemalbumin and less
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of haemoglobin.
Cord blood was obtained at birth from an 
infant with hydrops foetalis who died shortly 
afterwards. The mother had three previous 
unsuccessful pregnancies due to Rh incompatibility,
A haemoglobin estimation was not performed but 
large quantities, i.e. electrophoretically, of 
methaemalbumin and detectable haemoglobin were 
present in the plasma. One instance of haemo- 
globinuria detected by Benzidine testing of napkins, 
using normal infants napkins as controls, was 
observed in a severe case of infantile Rh incom­
patibility. Haemoglobinaemia and methaemoglobin- 
aemia were present.
These findings substantiate the generally 
recognised fact that if an extravascular haemolytic 
disease due to the presence of some circulating 
anitbody becomes particularly severe intravascular 
destruction of red cells may occur, However, the 
presence cF haemoglobinuria in one instance and the 
regular demonstration of methaemalbumin in moderate 
and severe instances of erythroblastosis foetalis 
may mitigate somewhat against the recently suggested 
use of Rh positive rather than Rh negative blood in 
the treatment of these infants.
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SUMMARY;
In this section of the thesis, on the nature 
and metabolism of methaemalbumin, a new method for 
the study of haem containing pigments was introduced. 
This method accomplishes the separation on filter 
paper by electrophoresis. Identification and 
quantitation was achieved by use of a benzidine 
reagent*
The formation of methaemalbumin has been 
studied and the pigment is formed in plasma at 
a rapid rate and can be synthesized in isolated 
systems lacking known enzymatic activity. The 
transfer of haem from globin to albumin thus appeared 
to be due to competitive affinities for the porphyrin, 
in the nature of a chelation.
The end groups of the native human albumin 
were therefore examined in an effort to find the 
group or groups responsible for haematin binding. 
Specific inactivators of high association were 
used to block sulphydryl, imidazole and tyrosyl 
residues on the protein molecule. Progressive 
binding of the sulphydryl groups was associated 
with increasing loss of haematin uptake. When 
all the sulphydryl residues of native human
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albumin were securely joined in the mercaptide 
linkage, methaemalbumin formation was completely 
inhibited.
The conclusions drawn from these experiments 
were that the sulphydryl groups of albumin represent 
the actual linkage site for haematin or that the 
formation of the mercury dimer of albumin, through 
its sulphydryl groups, physically excludes the 
porphyrin molecule from the receptive area.
The fate of methaemalbumin in man was 
investigated with radio-isotopically labelled 
methaemalbumin. In contrast with other studies, 
synthesized methaemalbumin, labelled with 1^ -31 on 
the tyrosyl residues of the albumin, was given by 
vein to two adult volunteers. These experiments 
showed a very rapid disappearance of the haematin 
component and a normal biological half life for the 
albumin. With the knowledge that methaemalbumin 
formation is, by nature, a chelation it would appear 
that some cellular system outside the vascular 
compartment has some constituent with a higher 
affinity for haematin than albumin. It was sugg­
ested that this system was the reticulo-endothelial 
system but in the absence of Fe^9 and biopsy this 
could not be proved.
Methaemalbumin was found in the urine but 
its appearance was inconstant and insufficient to be
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a real factor in the disappearance of the pigment 
from the plasma. Indeed, it was not clear whether 
the methaemalbumin of urine represented filtered 
methaemalbumin or pigment formed in the urine from 
methaemoglobin and albumin,
Finally some clinical examples of the 
occurrence of methaemalbumin were reported.
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b . foriiattoh h i a n i m a l s .
Introduction;
Fairley, in 19^1, was unable to demonstrate 
significant methaemalbumin production in species 
other than man and monkeys, using spectroscopy and 
Schummfs test as the methods of identification*
In his experiments with ultra centrifugation there 
was a suggestion that some pigment was present in 
haematin treated albumin of the rabbit*
This subsection of the thesis presents 
studies on the haematin binding properties of plasma 
obtained from the rat, guinea pig, rabbit, dingo, 
dog, ox, sheep, horse and the Australian marsupial 
opossum, (Trichosurus vulnicula)- Serum or plasma 
obtained from these animals was treated with haematin 
or haemoglobin and the contained pigments were ident­
ified by filter paper electrophoresis and benzidine 
spraying*
In .vitro _pro_dnation of xiethaenalbumin in animals.:
(1) Tec first serins of experiments consisted 
of the addition of alkaline haematin hydrochloride 
to animal sera or plasma. Precautions were taken
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to avoid using great excess of haematin in the 
preparations but the solutions were not buffered.
To avoid excess of haematin a rough 
calculation was made as follows:- In all species 
an albumin concentration of approximately 5 gm/100 
ml was assumed and the molecular weight of albumin 
taken as 70,000. Thus the molarity of albumin in 
plasma was in the vicinity of 0.0007 M. The molar 
binding ratio of haematin by human albumin is 
2:1 and a 0.01^ M solution of haematin in 0.001 N 
NaOH was prepared and 0.1 ml of this was added to 
0.9 ml of serum, representing a 1 in 10 dilution 
of the haematin solution.
These preparations were incubated overnight 
at 38° C and human plasma was set up as a control. 
Filter paper electrophoresis was performed using 
5 cmm of sample and a potential difference of 
130 V for 12 hours. The paper was initially 
saturated by capillary attraction and the run was 
between siliconed glass plates. At the end of the 
experiment the paper was dried and sprayed with 
benzidine reagent.
aLeaulta:
A very faint blue colouration developed 
about the position of albumin with rabbit, ox, and
sheep plasma but no anodal colour was observed with
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r a t ,  guinea p ig , d ingo, dog, or h orse  b lood . In 
the case  o f  opossum plasma, e x c e lle n t  c o lo u r a tio n  a f t e r  
b en zid in e  sp ra y in g  occurred  in  th e albumin and oC 2 
g lo b u lin  ran ges. In  rep eated  experim ents th e 
d is ta n c e s  moved by th e anodal co lou red  area o f 
opossum plasma were 1 0 .5 , 10 .0 , 10 .8  cm compared 
w ith  1 0 .1 ,  10 .8  and 1 0 .1  fo r  methaemalbumin formed 
in  human plasma by a d d itio n  o f  haem atin. I t  fo llo w s  
th a t opossum serum albumin i s  cap ab le  o f  b in din g 
haem atin under th e same co n d itio n s  as human serum 
albumin.
Haematin b in d in g  a ls o  occu rred  in  th e  ^ 
g lo b u lin s  o f  opossum plasm a.
(2 ) The second s e r ie s  o f experim ents com prised 
the prod u ction  o f haem atin b in d in g  by albumin u sin g  
homologous haem oglobin as th e  sou rce o f  pigment.
H aem olysis was a llow ed  to  occur in  samples 
o f animal plasma and serum during venepuncture.
The samples were c e n tr ifu g e d  and th e  haem oglobin 
contam inated su p ern atan ts were in cu b ated  fo r  fo u r 
to  12 hours a t  380 C. E le c tro p h o re s is  and co lo u r 
development were executed as d escrib ed  above.
Re?,ulta:
E le c tro p h o re s is  showed th a t w h ile  some bin din g 
o f haem atin by albumin occu rred  w ith  sheep, ra b b it  
and ox plasm a, good b en zid in e  co lo u r developed in
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the albumin range of opossum plasma which corresponded 
well with that found in human plasma. In the case of 
opossum plasma an area cathodal to the albumin and 
corresponding to^2 globulins was also coloured.
This second area occurring anodal to haemoglobin 
represented the haematin binding oC 2 globulins of 
opossum plasma.
It is thus established that opossum serum 
albumin will bind haematin from homologous haemoglobin 
in the same manner as human plasma.
(3) The third series of experiments were 
designed to investigate the interactions of animal 
sera and plasma with human haemoglobin. The outline 
of the experiments was the same as series 2, with 
the exception that human haemoglobin was added to 
non-haemolysed animal sera. The human haemoglobin 
for these experiments was prepared by centrifuging 
human heparinised blood, triple washing the cells 
in 0.9$ NaCl and lysing with an equal volume of 
distilled water. No effort was made to remove 
stroma in these experiments because it was shown 
that it was without effect on haematin binding.
Results:
The results of these experiments proved 
that haematin binding occurred with opossum plasma
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albumin and 2 globulin to a very significant 
degree. The remaining animal sera showed no 
appreciable benzidine reaction other than that due 
to human haemoglobin in the globulin range.
In the case of opossum plasma plus 
human haemoglobin three peaks were well seen.
The most cathodal peak corresponded with human 
haemoglobin.
These in vitro experiments with opossum 
plasma and serum demonstrated that opossum albumin 
has a great affinity for haematin and binding 
occurred when alkaline haematin, opossum haemoglobin 
and human haemoglobin were the source of the haematin. 
In this regard opossum albumin closely imitates the 
behaviour of human albumin and is the first example 
of any significant degree of haematin binding by 
serum albumin derived from an animal species outside 
monkeys and man. In addition haematin was also 
bound by 2 globulins of the opposum.
In vivo production of methaepalbumin in the opossum 
(Trichosurus vulnicula);
Female opossums were anaesthetised by intra- 
peritoneal Nembutal basal narcosis and minimal inhal­
ation ether as required. The femoral triangles were 
opened and on one side an intravenous infusion of
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distilled water was arranged while a cannula was 
tied into the opposite femoral artery. Blood 
collections were made from the artery into clean 
heparinised syringes. Injections of distilled 
water into the femoral vein varied from 5 - 20 ml 
over a few minutes.
Intravascular haemolysis occurred, but using 
this technique, no haemoglobinuria was observed. This 
could possibly have been ascribed to the very low 
urine flows which were obtained in these experiments.
Electrophoretic experiments:
Electrophoresis was carried out immediately 
the plasma samples were obtained and was performed in 
veronal buffer pH 8.6. The haem pigments could be 
readily identified after 12 hours using potential 
differences of llO-l^O volts. Blood was collected 
before, immediately and 5 - 1 0  minutes after the 
injection of distilled water. Benzidine colour 
development, corresponding to the position of 
albumin, was found and its intensity varied with 
the time that haemolysis had been proceding. A 
band intermediate between the albumin and opossum 
haemoglobin was also obtained. Electrophoresis 
therefore revealed the same three pigments which 
were obtained in in vitro experiments with opossum 
haemoglobin.
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Microscopy;
At the conclusion of each experiment and 
while the animal was still alive the kidneys were 
removed and placed in 10$ formalin and later sectioned 
and examined microscopically.
The kidneys were macroscopically normal.
On microscopic examination the distal portion of 
the nephrons contained haem-casts and some contained 
recognisable blood. Although there was no obvious 
necrosis of the epithelium the changes resembled 
those seen in kidneys from man suffering from 
intravascular haemolysis.
Spectrophotometric experiments;
Haemoglobin containing samples of opossum 
plasma were examined spectrophotometrically in 
order to compare the absorption characteristics 
with human plasma containing haemoglobin. In 
addition Schumm*s test was performed.
The absorption spectrum of opossum plasma 
containing haemoglobin (Figure 1) closely corresponded 
with that obtained from human plasma.
Schuman*s test was performed on plasma from 
opossums after intravascular haemolysis. The 
characteristic peak at 550 to 5&0 m^o and the
abolition of the 623 myCcpeak are seen in Figure 
2 and 3,
- 150
FIGURE 1» The absorption spectrum of opossum 
plasma after induced intravascular haemolysis0 
Plasma was diluted 1 in 5 with isotonic saline.
The spectrum of opossum haemoglobin (x) is compared 
with that of the plasma ( • ) from 600 to 650 tqjju 
to show the 623 m^pe a k  of methaemalbumin (inset 
on right).
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FIGURE 2 : Opossum plasma taken in an early phase
of intravascular haemolysis. Absorption spectrum of 
untreated plasma from 500 m/ju to 650 m^o ( # ) and 
after Schumn^s test (0).
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FIGURE 1: Opossum plasma taken in later phase of
intravascular haemolysis. Absorption spectrum of 
untreated plasma from 500 to 650 m^ ccCt) and 
after Schumn^s test (0).
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The opossum was found to form methaem- 
albumin in its plasma irrespective of the source 
of the haematin and haematin binding also occurred 
in the globulins. The formation of the two 
haem pigments was demonstrated in vivo and in vitro. 
The absorption spectrum of haemoglobin contaminated 
opossum plasma did not differ significantly from 
human plasma and both plasmas gave a positive 
Schumm’s test.
This is the first description of significant 
methaemalbumin production in a species other than man 
or monkeys.
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C. METHAEM <* GLOBULIN - A RELATED PIGMENT. IT? 
INFLUENCE OH THE SPECTRUMf SCHUHH'S TEST AND 
ALKALINE TITRATTOM OF PT.ASMA CONTATNINft BOTH
PI AMENTS.
Introduction and description;
The presence of binding of haematin by an 
* ¿ 2. globulin was demonstrated (Hensley, 1953) in 
this study by filter paper electrophoresis (Hensley 
and Blackburn, 1952)* The formation of this pigment 
in vivo and in vitro has been studied and its incid­
ence determined. Rosenfeld and Surgenor (1952) 
suggested the use of alkaline haematin hydro­
chloride for the determination of serum albumin 
concentration and therefore the influence of the 
presence of a haematin binding ^ 2  globulin on the 
total haematin binding capacity of serum was investig­
ated.
The absorption spectrum and Schumm*s test 
were also studied.
It was known that at least two globulins were 
capable of binding haem as absorption at ^03 
occurred when Cohn*s fractions II and III, and IV 
were examined with a spectrophotometer. Martin (19^9)
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also showed that fraction V-I contained haem. 
Independent of these observations and 
during a study of the zone electrophoretic behaviour 
of methaemalbumin a new haem pigment was discovered 
in human plasma (Hensley, 1953a)* When plasma 
which has been incubated with haemoglobin is 
examined electrophoretically the two bands, 
methaemalbumin and haemoglobin, are usually present. 
However, if similar treatment is applied to plasma 
from certain individuals three bands will occur.
The earlier studies were confined to a single 
volunteer. She was a 27 year old woman in perfect 
health whose serum gave a normal electrophoetic 
pattern after boundary and zone electrophoresis.
When plasma from this patient was incubated 
with haemoglobin for b - 2k hours and electrophor­
esis carried out three haem-containing bands were 
seen. They were methaemalbumin and haemoglobin 
with a third band on the anodal side of haemoglobin 
corresponding to the oC o globulin range. The type 
of haemoglobin employed had no influence on the 
resulting pattern and heterologous human, foetal, 
rat, rabbit, shegp, ox, and human haemoglobin I 
were used.
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When this plasma was incubated with alkaline 
haematin HC1 two bands resulted. The band was
seen together with methaemalbumin.
The patient received an injection of her 
own haemoglobin prepared in normal saline as a 3.7 
gm per 100 ml solution and 115 nil were given as a 
single injection. The total plasma haem pigment 
level rose to 210 mg per cent. The following events 
were noted in the electrophoretic pattern. Methaem­
albumin appeared within five minutes of injection and 
the haem pigment in the ^¿2 globulin range appeared 
simultaneously. This agreed well with the in vitro 
studies. As time proceeded methaemalbumin and the 
new pigment rose in a more or less parallel fashion 
and coincidentally the haemoglobin concentration fell, 
as would be expected. Haemoglobinuria occurred, but 
neither methaemalbumin nor the third haem pigment 
appeared in the urine.
It was thought that this binding of haem 
by ¿>¿2 globulin might be familial. Serum was 
obtained from 12 members of the family covering 
four generations and was incubated with homologous 
and heterologous haemoglobins and alkaline haematin 
HC1. When 0C 2 binding occurred it did so with 
the three substances. The results suggested a 
dominant inheritance.
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Comparison of sera containing haem pigments:
a) Spectra o f Plasma incubated with haematin;
Plasma samples were taken from normal adults 
and the volunteer and examined electrophoretically  for 
haem binding. This was done to exclude any o f those 
apparent normals whose plasma bound haem in the 
0{ globulin range.
Alkaline haematin HC1 solutions were prepared 
as suggested by Surgenor and contained 2380 mg per 
l i t r e  o f 0.001 N NaOH. 0.5 ml o f this solution 
was added to 2 ml o f plasma and incubated at 38°
C for 30 minutes. This preparation was examined in 
a Hilger Uvispec spectrophotometer between 500 m)J  
and 6^0 mfJ .
The results of these experiments are 
expressed in Figures 1 and 2 which show that no 
difference existed in the spectra o f whole plasma 
with haematin whether or not electrophoresis 
revealed two haem pigments.
b) Schutnm's te s t ;
This test was performed by adding to 1 ml 
o f plasma or albumin solution, 0.1 ml saturated 
ammonium sulphide and 1.*+ ml of phosphate buffer 
pH 7.3 P/2 0 .1. The characteristic change was a dis­
appearance of the peak at 623 and an increase o f the
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FIGURE I s  The spectrum of plasma, the albumin 
and oC 2 globulin of which are known to bind 
haematin, after incubation with the latter. 
Compare with Figure 2.
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WAVELENGTH mji
FIGURE 2s Spectrum of normal plasma incubated 
with haematin.
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peak at 550 myu. # Readings of optical density were 
make with a Hilger Uvispec spectrophotometer.
The results can be seen in Figures 3 and 
*+ and it is evident that the presence of binding 
of haem in the 0C2 globulin range.of plasma did 
not alter the Schummfs test.
c) Titration, of protein with alkaline haem.?tint
The protein solutions used in these titrations 
were normal plasma and plasma known to contain 
haematin binding o(_2 globulins. Haematin 
hydrochloride (31*8 mg/litre of 0.001 NaOH) was 
used for the titrations which were carried out 
at 38° C according to the method of Rosenfeld.
Gamma globulin solutions were used to control 
the non-specific protein effects on haematin 
absorption and albumin concentrations in the two 
samples were approximately equal.
The results are expressed in Figure 5 
where it can be seen that no significant difference 
exists between normal plasma, and plasma from the 
volunteer in their capacity to bind haematin.
Study of the Incidence of additional haematin binding!
Blood was obtained from the Red Cross 
Blood Transfusion Service and these samples were
O
.D
.
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FIGURE ^: The results of Schumn^s test on whole
plasma known to contain both methaemalbumin and 
methaan «¿2 globulin. Compare with Figure
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FIGURE
plasma
kt The results of Schumm’s test on normal 
containing methaemalbumin»
- 163 -
o '
1-0 1-4 1«  2-2 2-6
ML HAEM
FJG-UHE 5; The result s of alkaline haematin 
titrations on (x) normal plasma, (0) plasma 
known to form methaem oC2 globulin in addition 
to methaemalbumin.
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from healthy donors. The blood was centrifuged, 
the serum aspirated and haemoglobin solution in 
0,9% NaCl was added to it. Incubation was carried 
out at 38° C for 30 minutes.
Electrophoresis on filter paper and benzidine 
spraying was the method used to determine the number 
and nature of the haematin binding pigments. Veronal 
buffer pH 8.6 M 0.5 and Whatman 3 MM paper were 
employed in the electrophoretic analyses.
Six hundred and forty sera were examined 
and 22 electrophoretic patterns were rejected as 
technically unsatisfactory. Haematin binding by 
serum proteins other than albumin occurred in 
38*3$ of the cases. No examples of binding by 
ot ^  globulins were detected by this method and 
those included above were all regarded as displaying 
haematin binding in the 2 globulin range,
CLQWiSUt.:.
The new haem pigment which may be found in 
some plasma during intravascular haemolysis has been 
studied. Its occurrence in vivo and its in vitro 
production have been shown, Methaem oC 2 globulin 
does not alter the spectrum of haematin containing 
plasma and the Schunm’s test behaves in a usual 
manner. Although the binding of haematin is 
sufficient to cause a positive benzidine reaction
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it is insufficient significantly to alter the amount 
of haematin bound by plasma up to a concentration of 
two moles of haematin/mole of plasma albumin as 
estimated. This would support Rosenfeld and 
Surgenorfs contention that haematin represents an 
ideal substance with which to estimate albumin in 
plasma.
The incidence of haematin binding by 2 
globulin in the population studied is 38*3$ and it 
appeared to be transmitted as a dominant in one family 
studied. It is further suggested that binding of 
haematin in this manner reflects certain surface 
differences in the oC 2 globulins of some individuals 
and these differences may have a genetic basis.
THE EFFECT OF FREE HAEMOGLOBIN IT' THE r,T.OMERTTT,AR
FT T .IRATE OTJ THE EXCRETION OF FROTF.TN ITT THE TTRINE.
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A POSSIBLE MECHANISM FOR FROTEINtPIA IN MAN SUGGESTED 
BY OBSERVATIOHS MADE DURING THE EXISTENCE OF FREE 
HAEMOGLOBIN IN THE CIRCULATION.
Introduction;
Many instances of haemoglobinuria were 
observed during the present study. Proteinuria 
was found to be a regular accompaniment, as 
determined by the heat coagulation and the salicyl 
sulphonic acid tests. Although haemoglobin was 
present in the urine it was not responsible for the 
positive heat coagulation test as it is a relatively 
heat stable protein (Hoch and Chanutin, 195^0*
The findings on a group of patients with 
haemoglobinuria, reported in this section, are 
discussed with a view to the possibility of the 
normal filtration of protein by the glomerulus. A 
mechanism for proteinuria is then suggested.
The mechanism of proteinuria in man is 
quite unsettled and many considerations of this 
subject are influenced by the classical experiments 
of Richards who was unable to detect any protein 
in the ultrafiltrate from the glomerulus (Bott and 
Richards, 19^1). Proteinuria is one of the commonest 
abnormalities detected in clinical medicine and it
was of interest to glean some information regarding
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its occurrence during studies in intravascular 
haemolysis.
The first concept which must be grasped is 
the occurrence of proteinuria rather than albuminuria. 
During the course of other studies we have had cause 
to examine the urine from a wide variety of patients 
with proteinuria by filter paper electrophoresis.
The clinical conditions studied included, acute 
nephritis, nephrosis, lupus erythematosus, toxaemia 
of pregnancy, intravascular haemolysis, congestive 
cardiac failure and other conditions in which 
proteinuria occurred. No instance of exclusive 
albuminuria was detected. In all samples, with 
or without prior concentration of the urine sample, 
more of less of all the electrophoretic fractions 
of the serum proteins could be detected. The most 
dramatic example was that obtained from a severe 
nephrotic whose serum protein pattern was charact­
erised by profound hypoalbuminaemia, a rise in the 
c/ and globulins and normal y globulins.
Sharply contrasting with this highly abnormal 
serum pattern was the protein pattern obtained from 
the urine. Gross proteinuria was present and the 
pattern was almost identical with that normally 
obtained from serum. The findings of most if not
all of the serum proteins in the urine during
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proteinuria has been observed by other workers 
(Stepp and Peters, 1926, and Hiller, McIntosh and 
van Slyke, 1927). Such investigations clearly 
indicate that the term albuminuria is incorrect and 
should be replaced by the term proteinuria. Thus it 
would seem that most of the plasma proteins are 
capable of escaping from the glomerulus under 
certain circumstances.
It seems fairly certain that capillary 
porosity varies from tissue to tissue and classically 
the liver has been regarded as the possessor of the 
largest pores and the kidneys the smallest. As 
mentioned, Richards in his beautiful experiments 
on the frog was unable to show the presence of 
protein in the ultrafiltrate. Proteinuria may 
occur however, when there is little evidence of 
increased glomerular porosity.
Haemoglobin appears in the urine when a 
plasma level of 100 - 1?0 mg % is attained and then 
is excreted in proportion with other non-reabsorbed 
molecules of small size e.g, inulin indicating that 
the filtered haemoglobin has exceeded its maximum 
tubular reabsorptive capacity (Hughes, 19?^). The 
concentration of haemoglobin in the filtrate has been 
calculated as 3/2 of the plasma level. Haemoglobin
has a molecular weight of 68,000 and this is very
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close to that of albumin with a molecular weight 
according to Hughes, of between 65,000 and 69,000.
Some investigators have used haemoglobin, in the 
nephrotic syndrome and in convalescent patients 
and applied the data obtained to glomerular porosity 
(Brandt et alT 1950).
The formation of the glomerular filtrate 
from plasma passing through the glomerular capillaries 
is a complicated process with a more highly organised 
filtration bed than a simple membrane and the simple 
molecular weight of the molecules under consideration 
may be only one of their physical properties which 
must be considered. One must also consider the 
shape of the molecules involved because Brownian 
movement would not aliow orientation of the molecules 
in the stream (Hughes, 195*0 and the axial ratios 
of the proteins would then be of importance. In this 
regard haemoglobin is a much more symmetrical molecule 
than albumin having an axial ratio of 1:1 compared 
with 1:^. If axial ratios are involved and on 
theoretical grounds this would seem to be so, then 
one would not expect to find such proteins as 
fibrinogen in the normal glomerular filtrate.
A tubular reabsorptive mechanism must 
exist if protein is filtered to any extent by the
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normal glomerulus. After injection of radioactive 
protein into rats, radioactivity can be detected in 
the renal tubular epithelium. The radio-activity is 
shown to be associated with the particulate fraction 
of the epithelial cells (Spector, 195^)• This can 
be regarded as presumptive evidence of renal tubular 
reabsorption of filtered protein. Further, Dock 
(19*+2) measured a protein concentration of 20 mg % 
in perfusates of chilled rabbit kidneys, suggesting 
filtration of protein.
Attempting to correlate the suggestions that 
protein may be filtered by the glomerulus with the 
classical work of Richards, Hughes (195*+) makes 
the observation that the concentration of protein 
present in the glomerular filtrate could well be 
below the sensitivity of Richard*s tests. One 
can argue that if as little as 20 mg of protein 
per 100 ml were present in the filtrate, assuming 
total abolition of reabsorption, then insufficient 
protein might be excreted in the urine to account 
for the most gross proteinurias observed in man. 
However, with a daily filtration of 180 litres and 
a protein concentration in the filtrate of 20 mg/
100 ml, 36 gm of protein would appear in the urine. 
This corresponds well with figures of ^0 gm/day, 
which have been observed in the gross proteinurias 
associated with the nephrotic syndrome.
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This hypothetical situation does not include 
consideration of the excessive excretion of protein 
by increased glomerular filtration but only that 
degree of proteinuria which could be expected from 
complete removal of tubular reabsorption.
Of the proteins which normally occur in 
plasma, albumin, because of its size and axial 
ratio, is the one which is likely to be filtered 
in excess of its proportion to other proteins.
This would be in accord with the observed results 
where the albumin-globulin ratio in the urine is 
always at least 2:1 but may be as high as 5:1 
(Stepp and Peters, 1926). Ratios of commensurate 
order have been found in this study. It therefore 
follows that the alteration of the serum albumin- 
globulin ratio in the proteins which appear in 
the urine during proteinuria, does not argue against 
the filtration of protein in normality. One must 
emphasize that equal filtration of every protein 
fraction is not a necessity because of the consider­
ation which must be given to properties of molecules 
other than molecular weight.
It is.argued that while the renal glomerular 
capillaries may have the smallest pore size of any
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capillary bed, it is unreasonable, in the absence 
of good recent evidence, to claim that it is 
impermeable to protein, particularly in the light 
of modern work with radio-isotopes.
The effect of haemoglobin on renal function 
has been variously reported. Acute renal failure 
frequently fails to occur during or after infusions 
of haemoglobin unless other pathological circumstances 
are operating, e.g. hypotension and anaphylaxis 
(Rosoff and Walter, 1952). Massive infusions of 
distilled water were given by Landsteiner and Finch, 
(19*+7) and Voris (19*+6) without producing renal 
failure. At the other end of the scale, Miller and 
McDonald (195D regularly demonstrated changes in 
renal and cardio-vascular function in 26 normal 
subjects following the infusion of pure haemoglobin 
solutions and of freshly lysed red blood cells.
Plasma haemoglobin levels of 50° nig per cent were 
reached by Brandt et al (1950) in studying 
glomerular permeability without producing oliguria 
or anuria. Badenoch and Darmady( 19^ +8) in their 
studies, concluded that previous renal damage was 
necessary before haemoglobin became nephrotoxic.
From work conducted on intravascular 
haemolysis in man (Blackburn et al, 195*+) it is 
thought that in spite of any contrary evidence
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above, a distinction must be drawn between intra­
vascular haemolysis and intravenous infusions of 
stroma-free haemoglobin solutions. When adverse 
changes in renal function were observed during the 
infusion of distilled water into human subjects free 
of renal disease, they followed a regular pattern of 
oliguria, a fall in the clearance of inulin and 
diodrast and increased renal vascular resistance, 
in the absence of significant systemic manifest­
ations. In these patients the alterations in renal 
function'could be related to the rate of haemolysis 
but not to the concentration of haem pigments in the 
circulation at any given time. In addition they were 
rapidly reversed either by ceasing the infusion of 
distilled water or administering parathormone.
The return of renal function to normal or better 
was remarkably rapid and in essence precluded 
extensive cellular damage. Evidence suggested 
that alterations in renal function during intra­
vascular haemolysis occurred as a result of the 
presence of some insoluble component of red cells.
This is the crux of the suggestion that intra­
vascular haemolysis and infusions of haemoglobin 
produced different effects on renal function.
Such an hypothesis is supported by the following 
patient.
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The patient was a 32 year old male suffering 
from Hodgkin*s disease but with no significant degree 
of anaemia, the haematocrit being 0.V7, He was 
subjected to an infusion of distilled water during 
the performance of inulin and diodrast clearances 
and after alteration in renal function and haemoglobin- 
uria had occurred the infusion of distilled water was 
replaced by an infusion of haemoglobin. This was 
given at such a rate as to maintain or actually 
increase the concentration of the circulating haem 
pigments. The haemoglobin solution was prepared 
from the patient*s own blood, by repeated cell 
washings, freezing and thawing, centrifuging and 
Seitz filtering. All operations were carried out 
at b° C.
With the initiation of intravascular haemolysis 
by infusion of distilled water, and in the presence 
of a rising plasma haemoglobin his urine volume fell, 
the clearance of inulin likewise and this, together 
with a proportionately greater fall in renal plasma 
flow, led to an increased filtration fraction. Renal 
vascular resistance increased. When the distilled 
water infusion was replaced by a completely soluble 
and cell free preparation of the patient’s own red 
cells (which we shall call haemoglobin solution), 
the plasma haemoglobin which in the period before
-  176 -
was 197 mg/100 ml rose to and remained in the 
vicinity of 226 mg/100 ml. The urine volume 
increased and there was a prompt and marked recovery 
of the glomerular filtration rate. Renal plasma 
flow was somewhat slower in recovering, so that 
by the end of the experiment, the filtration 
fraction was still considerably higher than in 
the initial stages. This pattern of response was 
seen in other instances.
Our experience therefore, has been that 
the injection or infusion of haemoglobin solutions 
as opposed to intravascular haemolysis does not 
produce any great disorder of renal function. It 
is suggested that the presence of haemoglobin in 
the circulation in the concentrations used, does 
not alter the pore size of the glomerulus yet the 
appearance of heat-coaguable protein with the 
onset of haemoglobinuria has been regularly 
observed.
With this background it was. decided to 
examine the protein content of the urine in a 
variety of patients with haemoglobin in the 
circulation, rising to a level sufficient to 
produce haemoglobinuria.
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Type of natlent;
(1) A healthy adult with no evidence of renal 
dysfunction and certainly no present evidence or past 
history of proteinuria, was given an infusion of 
haemoglobin prepared from her own blood* The 
preparation was as follows
The patient's blood was taken into acid citrate 
dextrose and frozen. The blood was then centrifuged 
and the still cloudy supernatant fluid removed. The 
pH was adjusted to with hydrochloric acid to 
precipitate stroma, centrifugation was repeated 
and the supernatant was Seitz filtered into a 
sterile "blood bottle". The resulting solution was 
partially neutralised and was then ready for injection.
(2) The second group comprised patients 
suffering from spontaneous haemoglobinuria and 
included a Marchiafava Micheli syndrome, a type 
of spontaneous paroxysmal haemoglobinuria of as 
yet undetermined aetiology and a patient with 
paroxysmal cold haemoglobinuria.
(3) The final group included two patients 
from the series reported by Blackburn et al (195>+)
"FLO" and "30F".
Except in the group submitted to formal 
renal clearance studies, i.e. members of the third
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group of patients, urine was collected without 
catheterisation. The urine was preliminarily- 
tested for protein by heat coagulation and salicyl 
sulphonic acid tests. To determine the nature of 
the heat-coaguable proteins present with haemoglobin- 
uria, urine specimens with or without prior concentration 
were subjected to filter paper electrophoresis and 
the papers stained with 0.1-1$ brom phenol blue in 
mercuric chloride, ethanol mixture.
Experimental data:.
Group 1
Prtient K;
The patient was a 27 year old female in 
good health with no relevant past or family history. 
Specific gravity readings of casual urine samples 
were 1020, 102*+, 1026, 1018. No proteinuria was 
present and there was no other evidence of renal 
disease.
She was the subject of another study as 
it was known that the ^  o globulin of her plasma 
had an affinity for haematin. Approximately 1000 
ml of water were given before the experiment as a 
water loading and the patient was not catheterised.
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She received an intravenous injection of 115 ml 
of a solution of her own haemoglobin containing 
3o7 gm/100 ml*
Data: '
Urine
Time 
min. . .
Volume
ml dH Hb*uria
Heat
coagulation
Uo Zero Time 233 6.85 -
Inj ection of haemoglobin 115 ml (3.7 gm% solution)
U1 b2 333 6.85 +
U2 65 6 7 5.6 0
U3X 180 120 6.70 -
x - not a consecutive sample
Filter paper electrophoresis of urine samples 
U1 and U2 showed albumins and globulins. It should 
be pointed out that in some of these experiments 
the usual application of 5 cmm of sample to the 
filter paper prior to electrophoresis was increased 
to as much as 0.1 when protein concentrations were 
low.
No protein could be detected either by 
heat coagulation or the salicyl sulphonic acid 
test in Uo or U3*
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Group 2;
Patient CO;
This patient was a 56 year old man suffering 
from paroxysmal cold haemoglobinuria of recent onset* 
After 16 hours of fluid deprivation the specific 
gravity of his urine was 1026 and there was no history 
of renal disease. Samples of urine were obtained 
from this patient when his plasma was free of haemo­
globin and methaemalbumin and when a benzidine 
reaction performed on his urine was negative.
Under such circumstances no protein could be 
detected in his urine either by heat coagulation 
after pH correction or addition of salicyl sulphonic 
acid. His urine was studied on numerous occasions 
and whenever haemoglobin was absent, no other protein 
could be detected but immediately haemoglobinuria 
occurred heat coaguable protein also made its 
appearance in the urine. This was shown to 
contain albumin and the plasma globulins by filter 
paper electrophoresis.
Jfe.frLsj&J
This patient was a 59 year old Chinese male 
with a positive Wassermann reaction. When first 
seen he had been suffering for some months from
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intravascular haemolysis of undetermined aetiology. 
Large amounts of haemoglobin and methaemalbumin 
were intermittently present in his plasma and 
intermittent haemoglobinuria occurred. The capacity 
of his kidney to concentrate was unimpaired and there 
was no other evidence or history of renal disease.
When haemoglobin was present in the urine 
of this patient proteinuria could also be detected 
by heat coagulation. Electrophoretic studies showed 
that this protein was composed of plasma albumins and 
globulins.
Urine was collected from the patient at 
various times for two days and a semi-qualitative 
benzidine test was carried out on each sample.
The reagents were the same throughout and identical 
volumes of reagents and urine were used. Time 
taken for the colour to develop was used as an 
index of quantity of haemoglobin present.
Benzidine reaction 
Hours seconds.
1  Day 1 l5>+5 1+
2 1 8 1 5 5
3 19 3 0 102 1 1 0 lb
5 2305 6o+
6 Day 2 0530 62
7 0900 22
8 13 0 0 6
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Electrophoresis was conducted on each urine 
sample and 5 cmm of urine were used initially. After 
drying one batch of papers was sprayed with benzidine 
reagent while the other was stained in the usual manner 
for protein with brom phenol blue. Inspection alone 
was used to confirm the presence of protein and 
the intensity of staining was taken as a guide to 
the amount present. Albumin and globulins were 
present in samples 1, 2, 3> and 8. Heat 
coagulation tests for protein in urine were quite 
positive in samples 1, 2, 3> traces in 5 and 6 
and distinctly positive again in 7 and more so in 8,
Batient^SE
This patient was an example of paroxysmal 
nocturnal haemoglobinuria from which he had been 
suffering for some years. He was 32 years of age 
and there was no evidence of renal disease. His 
late morning and afternoon urine specimens were gen­
erally clear of haemoglobin and, when this pertained, 
no heat coaguable protein was present. Haemolysis 
usually began between 0300 and 0500 hours and his 
first urine specimen of the day almost always 
contained appreciable amounts of haemoglobin.
These samples always contained heat coaguable 
protein which proved electrophoretically to be 
made up of albumins and globulins.
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Eatierits. FLO and SOF;
These patients were the subjects of earlier 
study (Blackburn et al. 195*0* Urinary concentration 
tests were performed on both and these, together 
with routine clinical tests, did not reveal any 
abnormality of renal function. Inulin and diodrast 
clearances were performed.
FLO was a 32 year old male suffering from 
Hodgkin*s disease but with no anaemia. The haematocrit 
was 0.*+7, the glomerular filtration rate was initial^ 
10*+ ml/minute and the effective renal plasma flow 
570 ml/minute. SOF was a 26 year old male suffering 
from "neurasthenia" whose glomerular filtration 
rate was 10*+ ml/minute and effective renal plasma 
flow 5^0 ml/minute. Prior to the experiment both 
were free of proteinuria as measured by heat coagul­
ation. They received I.V. infusions of distilled 
water and haemoglobinuria resulted. Heat coaguable
t
protein was present in the haemoglobinuric samples of 
urine. Filter paper electrophoresis revealed the 
presence of albumins and globulins during haemo­
globinuria.
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Discussion:
Haemoglobinuria was regularly accompanied 
by the appearance of heat-coaguable protein in the 
urine. The observation of protein in the urine is 
neither new nor unique and has been reported by others. 
The really relevant fact is that haemoglobin is not 
a heat coaguable protein though it will give a 
positive salicyl sulphonic acid test in urine. This 
stimulated interest in the nature of the heat coaguable 
protein. Electrophoresis revealed that all the 
electrophoretic fractions of the serum proteins could 
be detected in the urine from these individuals 
although albumin was present in excess of the other 
proteins. The finding of proteinuria occurring 
simultaneously with haemoglobinuria in individuals 
known to be suffering from chronic intravascular 
haemolysis such as the Marchiafava Micheli syndrome 
could possibly be explained by renal damage due 
to aft repeated episodes of haemoglobinuria. Such 
reasoning cannot be applied to "renally1 normal 
individuals exposed to short term acute experiments 
involving either the infusion of distilled water 
or the injection of soluble constituents of their 
own red cells.
Haemoglobin is filtered by the glomerulus 
and appears in the urine when the plasma level
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reaches 100 to 150 mg % and this appears to 
represent 3 to *+»5 mg per 100 ml in the glomerular 
filtrate, Below this amount the tubule reabsorbs the 
haemoglobin presented to it.
The suggested explanation of the finding of 
simultaneous proteinuria is that the reabsorption 
of haemoglobin at or above this concentration 
interferes in some way with the reabsorption of 
plasma proteins normally present in the glomerular 
filtrate. It is not intended at this stage to 
suggest that haemoglobin and serum proteins have 
the same metabolic path for reabsorption. Haemoglobin 
is peculiar in that it is a protein containing iron 
and it is known that haemoglobin reabsorption into 
the tubular cell is accompanied by a splitting of 
the tetrapyrrole ring and the transfer of the 
iron to ferritin and hemosiderin.
The reabsorption of haemoglobin by the renal 
tubules has been studied by Black (19^ -8) in dogs, 
monkeys, rats, man and mice. In man the convoluted 
tubules are concerned showing granules before 
disintegration when stained for haemoglobin.
Monke and Yuile (19^0) showed that haemoglobin 
was filtered by the glomerulus and reabsorbed by 
the proximal convoluted tubules at a maximum of 
2 mg/minute and it is possible that if the release
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of iron in the tubular cell were in excess of 
the capacity of the tubule cell to bind it organically 
to protein, then ferric hydroxide or some related 
salt might interfere with tubular mechanisms.
Quite apart from the possibility of iron 
interfering with the reabsorption of protein by the 
tubule the mass of protein being presented to the 
cell might well be in excess of its capacity to deal 
with it in an ordinary fashion. This is not meant 
to imply a "tubular maximum" effect on a common 
absorption mechanism.
Whether there is a common mechanism for 
protein reabsorption or separate mechanisms for 
haemoglobin and the various plasma proteins is not 
clear, but it is very evident that the initiation 
of haemoglobinuria does coincide with altered 
tubular protein reabsorption.
If the observation of proteinuria occurring 
with haemoglobinuria is indeed evidence of normal 
protein filtration and disturbed reabsorption then 
the explanation of proteinurias in disease becomes 
simplified. Proteinuria will result whenever the 
protein "threshold" in the filtrate is exceeded or 
whenever tubular reabsorption is adversely influenced 
by pathologic processes. The word "threshold" is
used because a leak of efficiently reabsorbed
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substances such as glucose, into the urine can and 
does occur before the tubular maximum is achieved.
Thus proteinuria becomes a consideration 
of the balance between glomerular filtration and 
tubular reabsorption.
Proteinuria occurs simultaneously with 
haemoglobinuria. It is suggested that haemoglobin 
does not alter glomerular porosity but does in some 
way diminish the amount of other filtered protein 
reabsorbed by the renal tubule.
If the serum proteins are filtered then the 
explanation of the proteinurias is simplified.
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E le c tro p h o re t ic  Identification of Serum  
H a e m o c h ro m o g e n s  on F i lter  P a p er
The presence of methaemalbhinin in serum 
can ho adequately demonstrated by rever­
sion leetroseopy or by Schumm’s test. The 
quantitative estimation of methaenmlbumin in 
solution of mixed haemochromogens has, how­
ever, presented considerable difficulties.
We wish to present a method of separating 
methaemalbnmin from haemoglobin by lilter- 
paper electrophoresis. Either the Kunkel-and- 
Tiselius (.1951 > or Cremer-and-Tiselius (1950)
1 laenioglobin Methaemalbuniin
Figure 1.
The electrophoretic separation of haemoglobin 
and methaemalbuniin in sera from: a. Paroxysmal 
nocturnal haemoglobinaemia at the height of an 
attack : b. Same patient during defervescence of 
the attack : c. Normal patient 20 minutes after 
the artificial induction of intravascular haemojysis ; 
it. Same patient after three hours’ continued intra­
vascular haemolysis.
method may be used, but the former is pre­
ferred because it is less open to error and 
artefact. For the simple separation of haemo­
chromogens in serum the following technique 
is used: (MH-0-03 ml of serum is placed on 
.Munktell tilter paper prepared with veronal 
buffer, i>H 8-6 and molarity 0-5, and electro­
phoresis is carried out for 12 hours between 
siliconed glass plates. The paper is then dried 
and sprayed with benzidine reagent as 
described by Franklin and Quastel (1949). 
When haemochromogens are present a blue 
colour develops immediately in the albumin 
and /3-globulin ranges, representing methaem- 
albumin and haemoglobin respectively (see 
Figure 1). There is little or no background 
colour. No colour develops when a serum con­
taining no haemochromogens is used.
For quantitative estimations electrophoresis 
is performed in a similar manner and the sig­
nificant areas are cut out from the dried paper. 
Two methods have been employed to locate 
these areas: ( i )  duplicate strips are made, one 
of which is sprayed and the other put aside for 
protein elution; (2) a ‘marker’, in the form of 
normal serum to which brom-phenol-blue has 
been added, is applied to the same paper strip 
as the test serum during the initial preparation 
of the paper. The protein is eluted from the 
significant areas and the chromogon estimated 
according to the method of Bing and Baker 
(1931) and read in a Beckman spectro­
photometer.
This method is being currently applied to 
l he study of the anaemias, various other 
clinical conditions, and to the metabolism^ of 
the haemochromogens.
W. J. H kxsi.ky.*
C. R. B. Bi.ackbi kx.
Clinical Research Unit.t
Royal Prince Alfred Hospital.
Camperdown. N.S.W.
12 September 1952.
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A  New Plasma Haemochromogen
Intravascular haemolysis is known to lead 
to the form ation of m ethem album in which is 
found in the circulating plasm a together w ith 
haemoglobin. This le tter concerns a new 
haemochromogen which is found under sim ilar 
circumstances. Methemalbumin is formed when 
haem atin or haemoglobin is incubated with 
hum an plasm a or serum. This new haemo­
chromogen has been identified in  vitro  and in  
vivo in one family. When serum  or plasma 
from a member of this family is incubated at 
37 °C in a w ater bath for 4-24 hours three haem- 
containing bands can be seen after filter paper 
electrophoresis (H ensley and Blackburn, 1952). 
They are methem album in and haemoglobin and 
a th ird  band on the anodal side of haemoglobin 
approxim ately to the a 2 globulin range. This is 
invariably present. The three pigm ents were 
obtained irrespective of the type of haemoglobin 
used (heterogenous human, ra t and rabbit 
haem oglobin). There was no abnorm ality 
dem onstrable by filter paper electrophoresis in 
the serum or plasma.
One member (J .K .) volunteered for an 
intravenous injection of stroma-free filtered 
homologous lysed red cells. This was prepared 
in normal saline as a 3-7 gm per cent solution 
and 115 ml given as a single injection. The 
total plasma haemochromogen level rose to 210 
mgm per cent. The following were noted in 
the electrophoretic haemochromogen pattern. 
As mentioned in a form er communication 
(H ensley and Blackburn, 1952) methem album in
appeared w ithin five m inutes of injection. In 
this patient, the appearance of the haemo­
chromogen in the a., globulin range was sim ul­
taneously and quantitatively greater. As time 
proceeded methem album in and the new pig­
ment rose in a more or less parallel fashion 
with the new pigm ent in excess of the methem­
albumin. Coincidentally the haemoglobin con­
centration fell, as would be expected. This 
agreed well with the in vitro  studies. In these 
the development of the new haemochromogen 
was quantitatively greater than the formation of 
methem album in in most experiments. Haemo- 
globinuria occurred, but neither methemalbumin 
nor the third  haemochromogen appeared in the 
urine.
Over 200 sera from normal blood donors 
have been examined to date w ithout detecting 
further examples of the haemochromogen. This 
search is continuing and, in addition, certain 
physical and chemical characteristics of the 
haemochromogen are being determined and its 
fate in the body will be sought.
W. J. H e n s l e y .
D epartm ent of Biochemistry,
U niversity of Sydney, and 
Clinical Research Unit,
Royal Prince Alfred Hospital,
Sydney.
15 September 1953.
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Methemalbumin in the Urine
When Fairley  (1941) described methem­
albumin, using spectrophotometric and chemical 
means of identification, he stated th a t m ethem­
albumin was not found in the urine. The 
purpose of this communication is to show th a t 
m ethem album in may be found in the urine of 
certain individuals when the pigm ent is present 
in the blood. The method used was th a t of 
Hensley and Blackburn (1 9 5 2 ), involving filter 
paper electrophoretic separation of the haemo- 
chromogens and identification of these with a 
benzidine spray. Two groups of patients were 
studied. The first group had artificially induced 
haemolysis and the second suffered from 
chronic in travascular haemolysis. Haemo- 
globinuria occurred in all patients. Methem­
albumin appeared in the urine of some patients 
and they were never observed to have haemo- 
globinuria w ithout methem album in. In the 
other patients haemoglobin derivatives were 
present together w ith albumin and other pro­
teins, but no methem album in. The total plasma 
haemochromogen level did not appear to 
influence w hether m ethem album in was formed 
in or excreted by the kidney, and m ethem­
album in was found in the plasm a of all 
patients. Methemalbumin was found in the 
urine of subjects both w ith high and w ith 
relatively low plasma concentrations of total 
haemochromogen, but was absent in other 
individuals in sim ilar circumstances. The pH
of the urine was altered between 7-5 and 5-3 
w ithout affecting the conjugation of the haemo­
globin derivatives and albumin.
Two m ajor mechanisms for the occurrence 
of methem album in in the urine have been con­
sidered, the first being th a t methemalbumin 
is filtered and may fail to be completely 
reabsorbed by the tubules, the second th a t con­
jugation of methemoglobin (F airley, 1941) 
and adventitious albumin occurs in the lumen 
of the, tubule. Because of the constant presence 
of m ethem album inuria in some subjects and its 
continued absence in others irrespective of the 
urine pH or plasma haemochromogen concen­
tration, we are inclined to favour the concept 
of an intrinsic or acquired defect in tubular 
reabsorption. Investigations, including renal 
clearances, are continuing to clarify this point.
W . J. H e n s l e y ,*
C. R. B. B la c k b u r n .f  
Clinical Research Unit,
Royal Prince Alfred Hospital,
Sydney.
15 September 1953.
* A lso of D e p a r tm e n t of B io ch e m istry , U n iv e rs ity  
of Sydney.
t  S u p p o rte d  in p a r t  by  a  g r a n t  fro m  th e  N a tio n a l 
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STUDIES ON INTRAVASCULAR HEM OLYSIS IN MAN. TH E 
PATHOGENESIS OF T H E  IN ITIA L STAGES OF ACUTE 
RENAL FAILURE
By C. R. B. BLACKBURN, W. J. H ENSLEY, D. KERR G RANT,1 and  F. B. W RIGHT
WITH THE TECHNICAL ASSISTANCE OF B. SLARKE  
(From the Clinical Research Unit,2 Royal Prince A lfred Hospital, Sydney, Australia) 
(Submitted for publication May 11, 1953; accepted February 10, 1954)
Intravascular hemolysis of moderate or severe 
degree in man is often followed by acute renal 
failure. Most studies of renal function have been 
carried out on patients during or after the oliguric 
or anuric phase and have, therefore, shed little 
information on pathogenesis of the renal failure.
The present studies were undertaken to clarify 
the changes in renal function which precede anuria 
resulting from intravascular hemolysis. It was 
hoped that the onset of acute renal failure might 
be prevented if the means of reversing the early 
changes could be found.
The changes in renal function in 10 patients dur­
ing intravascular hemolysis induced by the intra­
venous infusion of distilled water are described in 
this report. The infusions were given slowly, 
carefully controlled, and often continued for many 
hours. The resulting alterations in renal func­
tion rapidly returned toward normal after the in­
fusion of water was discontinued or after the in­
travenous injection of Parathormone.
The initial justification for this study rested on 
observations of the changes in renal function in a 
patient during and after the accidental intravenous 
infusion of distilled water. She developed anuria 
but urine flow was reestablished and her inulin 
clearance returned to normal 30 minutes after the 
intravenous injection of Parathormone. Twelve 
weeks later her inulin clearance was 140 ml. per 
min. per 1.73m2, Diodrast clearance 420 ml. per 
min. per 1.73m2, but Tm Diodrast was only 11 mg. 
per min. per 1.73m2. Clinical assessment of her 
renal function, including urine concentration tests, 
during the next three years has revealed no 
abnormality.
Patients with impaired renal function, as shown 
by a urine concentration test and routine clinical
1 Medical Board Fellow in Medicine, 1951.
2 Supported in part by a Grant from the National 
Health and Medical Research Council.
tests, were excluded from the present study. A 
urine specimen of specific gravity of at least 1020 
was required before subjects were accepted for 
study.
At first the only patients studied were those with 
Hodgkin’s disease, lymphosarcoma, or leukemia 
who were receiving X-ray treatment. Some pa­
tients without malignant disease were studied after 
the experimental procedures proved safe. Two 
of our experimental patients died some months 
after the studies were completed, of lymphatic 
leukemia and lymphosarcoma, respectively, and 
autopsy examinations revealed no renal abnor­
mality which could be attributed to intravascular 
hemolysis.
Many investigators have failed to demonstrate 
renal failure during or after the infusion of hemo­
globin solutions in man and experimental animals 
unless other abnormalities were present, for ex­
ample hypotension (Rosoff and Walter [1]) 
or anaphylaxis (Mason and Mueller [2] ). Land- 
steiner and Finch (3) and Voris (4) gave mas­
sive intravenous infusions of distilled water but 
described no instance of renal failure though 
detailed studies of renal function were not re­
ported. Amberson, Jennings, and Rhode (5) 
reported oliguric reactions twice in a series of 77 
infusions of hemoglobin solutions. On the other 
hand, Miller and McDonald (6) regularly dem­
onstrated changes in renal and cardiovascular 
function in 26 normal subjects following the infu­
sion of pure hemoglobin solutions and of freshly 
lysed red blood cells. The latter authors did not 
report any severe or permanent renal damage fol­
lowing their experimental procedures.
METHODS
Subjects: Nine of the 10 experiments were carried out 
on patients receiving X-ray therapy for leukemia, lympho­
sarcoma, or Hodgkin’s disease. Some data regarding 
these subjects are set out in Table I.
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Design of experiments: Inulin and Diodrast clearances 
were measured by the standard techniques of Goldring 
and Chasis (7) in the fasted but continuously hydrated 
patient. The inulin and Diodrast infusion, made up in 
4 per cent glucose-water, entered a vein in one leg and 
an infusion of 4 per cent glucose-water was run into a 
small vein of the opposite ankle or foot. Both these in­
fusions were given at a rate of 4 ml. per minute, a total 
of 8 ml. per minute. Venous blood specimens were col­
lected from one arm and measurements of blood pressure 
were made by sphygmomanometry on the other arm. 
Catheterization of the bladder, starting the infusions and 
general setting-up for the experiments usually took place 
1 to 2 hours before the control observations were made. 
After two to five control periods distilled water was sub­
stituted for the 4 per cent glucose-water infusion and was 
usually given at the same rate of 4 ml. per minute. After 
discontinuing the distilled water infusion glucose-water 
was again given to maintain a constant intravenous in­
fusion rate. Clearance periods were usually 15 to 40 
minutes but were prolonged when oliguria was pro­
nounced. Blood pressures, pulse rates, and oral tem­
peratures were usually recorded each 20 to 30 minutes. 
No significant changes were observed in venous pres­
sures which were recorded in antecubital veins with a 
saline manometer.
Chemical methods: Inulin was determined by Little’s 
(8) method, Diodrast by Alpert’s (9) method, and urine 
hemochromogen concentration by Bing and Baker’s (10) 
method. Plasma hemochromogen concentrations were 
estimated by the method of Hunter, Grove-Rasmussen, 
and Soutter (11) so that determinations could be made 
each few minutes during the experiments. All clear­
ances have been corrected to a standard surface area of 
1.73 square meters.
Renal vascular resistances: Resistances were calculated 
from the equation R =  where R =  renal vas­
cular resistance, Pm =  half the sum of the values for the 
systolic and diastolic arterial blood pressures and RBF =  
the renal blood flow in ml. per second calculated from 
the Diodrast clearance and the hematocrit value.
Hemoglobin solutions were prepared from an appropri­
ate volume of the patient’s own blood, say 300 ml., col­
lected 24 to 30 hours prior to the experiment. Prepa­
ration of the cell and stroma free solution was by stand­
ard methods involving red cell washing, freezing and 
thawing, centrifuging and Seitz filtering. All operations 
were carried out at 4° C. Concentrations were adjusted 
in the final saline-hemoglobin solution so that a rate of 
infusion of 4 ml. per minute could be continued without 
lowering the plasma hemochromogen concentration.
Parathormone (Eli Lilly & Co.) for intravenous in­
jection was either the freshly delivered solution, or solu­
tions which were relatively inactive as the result of auto­
claving or of being stored for many months beyond the 
maker’s date of expiration. On two occasions an infu­
sion of Parathormone in 4 per cent glucose-water was 
used instead of a single intravenous injection. The type 
of Parathormone preparation injected made no signifi­
cant difference to the patient’s response with regard to 
the renal functions considered in this paper (12).
RESULTS
The detailed results of the studies on 10 pa­
tients are set out in Table II. Seven developed sig­
nificant oliguria during the water infusion. The 
infusions were continued for many hours and were 
usually stopped when the patients began to show 
evidence of adverse psychological reaction such 
as restlessness and distress from hunger, fatigue, 
and stiffness in immobilized limbs. Sedation with 
barbiturates was always minimal.
In these 10 patients, age, sex, the nature of the 
disease process and the previous experience of 
blood transfusion appeared to have no influence 
on the occurrence of an oliguric reaction.
Systemic effects were minimal. The arterial 
pressure rose slightly in two patients one of whom 
was hypertensive before the experimental study. 
Transient, variable and minor changes in blood 
pressure were attributed to inadequacies of stand­
ard sphygmomanometry and to psychological re­
actions rather than to intravascular hemolysis. 
Five of the patients had febrile reactions during
TABLE i
Clinical data on 10 patients who received intravenous infusions of distilled water
Subject Sex Age Diagnosis Hematocrit Oliguricreaction
1. PAY M 36 Chronic myeloid leukemia 0.43 +2. PAT M 35 Acute myeloid leukemia 0.40 +3. ELL M 43 Lymphosarcoma, Hypertension 0.48 +4. FER M 52 Lymphosarcoma 0.50 +5. SMI M 31 Hodgkin’s disease 0.44 +6. NEE F 43 Chronic myeloid leukemia 0.37 +7. FLO M 32 Hodgkin’s disease 0.47 +8. QUE M 41 Lymphosarcoma 0.379. HUG M 55 Chronic lymphatic leukemia 0.38 —10. SOF M 26 “Neurasthenia” 0.46 —
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or after the experiments ended and the following 
elevated oral temperatures were recorded: 38.4° C 
in P A T  20 minutes after the study ended and per­
sisting for 6 hours; 38.6° C in SOF 30 minutes 
after the study ended and persisting for 2 hours; 
38° C in P A Y  1 hour before the study ended and 
persisting for 1.5 hours; 38.2° C in Q U E in the 
last period, reaching 39.2° C 1 hour later but fall­
ing in the next 2 hours; 38° C in SMI at the end 
of the study, 39.6° C 1 hour later and falling to 
less than 38° C 3% hours after the study ended. 
These reactions were attributed to the manipula­
tions of the experiments and to the presence of 
traces of pyrogens in the infusions which had been 
given for many hours.
The manifestations of “ transfusion reaction” 
were completely absent. Backache was never more 
than mild and, presenting with a slow onset after 
some hours of flat recumbency, was not unexpected.
Oliguria developed in the same manner in all 
of the seven patients who showed it. Urine flow 
started to diminish shortly after the infusion of 
water was begun and continued to decrease until 
steps were taken to increase it. In four patients, 
at the depth of oliguria, the urine volume was vir­
tually zero during 20 to 30 minute periods. Pro­
gressive oliguria was always associated with pro­
gressive decrease in Diodrast clearance, with a fall 
in inulin clearance in six patients, and a rise in fil­
tration fraction in four patients. Hemoglobinuria 
usually accompanied or immediately followed sig­
nificant oliguria.
Validity of renal clearances: Inulin and Diodrast 
clearances were considered to indicate glomerular 
filtration rate and renal plasma flow, respectively. 
Extraction ratios were not performed but normal 
ratios were assumed since Miller and McDonald 
(6 ) found normal ratios in similar experiments. 
Other investigators (13) clearly demonstrated that 
inulin and PA H  clearances were valid in the dog 
until the renal blood flow fell to about 3 per cent 
of normal, a decline far greater than we ever ob­
served. Finally the changes in renal function in 
our patients were rapidly reversible and U /P  
ratios for inulin always rose as urine volume 
decreased.
Collection periods of 20 to 40 minutes are too 
short for the accurate measurement of urine flows 
of 0.5 ml. per minute and less and the uretero-
pelvic dead space is large in comparison with the 
collected urine volume. Clearances calculated for 
the periods of minimum urine flow will be too low 
whilst those for the periods immediately following 
will be too high. Renal storage and release of 
Diodrast may exaggerate the errors in the calcu­
lation of some clearances. In spite of these errors 
the continuous series of clearances are taken to 
indicate the magnitude and direction of the changes 
in filtration rate and renal plasma flow in each 
patient.
Diodrast clearances: A  highly significant di­
rect correlation developed between the rate of 
urine flow and Diodrast clearance during the in­
fusion of distilled water. Prior to the infusion 
of distilled water the coefficient of correlation was 
low and not significant (r  =  0.08, n =  30 and 
P =  > 0 . 1 )  but during the infusion of distilled 
water the correlation coefficient was higher and 
highly significant (r  =  0.54, n =  41 and P <  
0.001). Correlation coefficients were derived 
from the logarithms of the data obtained from 
all 10 patients during the control period and dur­
ing the infusion of distilled water but the data 
obtained during or after the infusion of Para­
thormone were excluded.
Renal plasma flow was reduced in the seven 
patients who developed oliguria during the in-
F ig. 1. R elationship between the  Change in  R e­
nal  P lasm a  F low (C d) and  the  C hange in  U rine 
F low in  10 P atients during the I ntravenous I nfu ­
sion of D istilled W ater
Cd and U V  are both plotted as percentages of the 
mean control values (100 per cent) for each patient. 
The area included by the dotted lines represents the mean 
±  2 c  o f all the control Cd and U V  values. Solid circles 
represent the data from the seven oliguric patients, the 
closed circles the data from the three patients without 
oliguria.
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TABLE II
The effects of intravenous infusions of distilled water on the renal functions of 10 patients
INTRAVENOUS RX1AL
SUBJ. TIME INPÜSI0H B.P. P.Hb U.Hb UV c m TP RESISTANCES
P A T 0-15
41
Oluoose
ft
110/70 - 12.00 
18.25
144
115 i l Ig tig
78 Tatar (4ml/min)
100/60
66 - 6.49 86 .20 422 9200
111 f t  n 102 - lost
150 f t  ft
IIO/7O
138 + negligible urine, added to next
185 Oluoose at 170 179 ♦ 0.14 71 .35 202 20200
220 Oluoose
100/60
143 + 0.43 86 .32 269 14350
255 ft 105 + 4.00 ill .30
528 6850
290
110/60
93 ♦ 9.72 .30 492 7600
327 « 70 + 8.29 144 .30 495 7800
362 ft 100/70 58 + 7.85 185 .33 566 6800
396 ft 42 + 6.61 119 .18 661 5850
P A T 0-17 Oluoose 125/70 - 4.53 91 .16 573 8150
34 ft
130/75
- 9.55 91 .18 502 9550
54 n -
78 ti
130/85
2 - 7.00 89 .18 494 9900
101 Water (4ml/min) 17 - 8.70 79 .15 510 10100
123 ft  ft 130/80 66 - 3.63 56 .18 318 15800
154
150/80
131 - 0.97 29 .15 195 26950
178 " (2ml/min) 133 + negligible urine, added to next
197 129 + 0.33 69 .17 400 13750221 f t  ft 128 + 0.79 93 .21 439
244 Oluoose 124 + 2.70 95 .20 467
266 It 101 + 5.19 71 .21 334
ELL 0-17 Clucose 170/105 10 « 3.47 103 .28 368 1545036 16 - 6.31 140 .35 395 14150
54 ft 160/105 10 - 7.94 140 .37 379 14450
79 Water (4ml/min) 16 - 7.60 93 .31 300 21100102
180/110
49 - 4.96 97 .30 319 19900130 f t  ft 81 - 2.07 76 .28 276 21750
146 101 ♦ 0.88 67 .34 195 32500164 " " + PT
170/100
180/105
115 + 3.33 156 .31 498 12750187
210 W ft
122
140
+
+
10.88
7.48
87
91
.25
•25
353
362
15850
16300
PS 0-19 Glucose 140/90 7 - 5.68 75 .15 510 900043
67 Water (4ml/min)
140/90
140/90
2
65
6.00
2.37
88
72
.17
.23
504
312
9100
1465088
110
137
" (2ml/min) 
" (3ml/min)
III
170
+
+
0.62
0.7?
1.22
!??
126
.34
.37
.36
5K
351
16500
12000
13000
159
140/90
192 + 0.50 94 .48 198 23100
175 180 + 0.11 62 .46 136 34600207 Oluoose +PT
140/90
16 5 + 4.35 a* .25 658 6950236 140 + 3.45 .26 452 10100267 ♦ 0.97 155 .35 445 10300
SMI 0-18 Glucose 100/70 5 - 3.72 105 .18 573 6600
35
8
- 9.17 131 .16 798 445056 - 9.71 84 .14 596 600084 Water (4ml/min)
90/60
13 - 8.65 70 .13 528 8750106 46 - 3.63 54 .16 332 10100128 " (lml/min) 51 - 0.36 52 .15 341 9800152
174
198
'• Uml/min)" (l.5ml/min) 90/60
57
67
70
-
O..46
neglig
0.33
64ible
59
.16
urin
.19
407 
e, ad 
304
8200
ded to next 
11000222
242
Oluoose + PT
ft
61
52
+
+
2.38
2.55
99
98
.14
.13
729
737 « 3 8
TIME in minutes
B.P. -  blood pressure in mm or Hg 
P.Hb -  plasm* hemoohromogtn in mg % 
U.tfb ■ hemoglobinuria 
UV > urine volume in ml /  min 
Cin a inulin clearanoe in ml /  min
PP a filtra tion  fraction
Cd a diodraat olearanoe in ml /  min
RENAL RESISTANCES in dynes seo om~* z 10
Oluoose a 4^ 4 gluoose-water at 4 ml /  min
Mater -  d istilled  water
PT a injeotion o f 200U 'Parathormone'
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table ii Continued
INTRAVENOUS 1KV1L
SUBJ. TIKE INFUSION B .P . P.Hb U.Hb UV C in F? Cd RESISTANCES
NEE 0-22 G lu cosa 5 2 .36 129 .26 496 8900
49 •1 6 - 0 .7 0 70 .12 581 8450
72 tl 120/80 6 - 0 .8 6 ¿4 .21 403 12450
98 la t e r  ( 4 a l /a in ) - O.58 73 .16 466 9700
120 tf »1 110/70 17 - n e g l i g ib l e  u r in e ,  a id ed  t o  next
144 W It 42 - 0 .3 3 53 .16 325 13300
166
PT in fu s io n 105/60 5.56 331 .15 2220 1870
188 II If ^
PT in fu s io n 135 ♦ 1 .4 1 106 .10 1056 4100
211 II II ^
110/70PT in fu s io n 136 ♦ O.48 75 .12 650 6160
234 O lu ooss 110/70 134 ♦ 0 .2 2 67 .15 443 10200
247 11 110/70 ♦ 0 .4 6 155 .12 1315 3430
FLO 0-16 Q lu oose 5 8 .8 7 104 .18 570 6700
34 11 3 - 12 .75 107 .22 492 7700
54 tl 4 - 15 .10 93 .18 528 7200
77 It 4 - 1 6 .33 90 .17 Ul 710095 l a t e r  ( 4 n l /a in ) 45 - 14 .30 106 .23 8200
110 11 II 105/75 72 - 9 .8 6 91 .19 472 8050
130 II II 133 - 4 .1 5 79 .21 379 12250
156
168
•1 11 
»1 II 115/75
166
197
+
+
1 .77
0 .2 5
92
78
.24
.32
379
243
12250
16500
185 H em oglobin 226 + 0 .9 4 101 .48 211 18800
206
227
•1
II 110/75 212218
+
+
3 .33
7 .2 4
1 !7
107
.28
.35 $ ¡3 1? $
249 •1 115/75 226 + 10 .61 149 .47 317 12700
QUE 0-15 G lu cose 125/85 8 - 1 .33 124 .23 539 9800
1000029 II 120 /80 10 - 0 .8 6 136 .27 503
52 If I 3O/9 0 5 - 1 .39 131 .18 716 7750
78 II 125/85 5 - 2 .1 1 126 .17 780 6750
108 II 105/80 9 - 1 .5 0 76 .12 646 7200
133 la t e r  (4m l/m in ) 105 /75 23 - O .76 85 .14 607 7450
158 •I II
110/80
44 - 1 .1 2 112 .18 630 7400
183 II II 63 - 2 .8 0 99 .15 652 7300
209 G lu cose  + PT
120 /80
73 - 3 .38 98 .12 800 6 I 5O
234 G lu cose 70 - 4 .6 8 100 .12 882 5700
260 110/80 55 - 6 .3 5 112 .13 844 56 50
285 11 120 /80 54 - 7 .0 0 114 .15 738 6800
SOP 0-15 G lu cose 110 /90 - 2 .4 0 82 .20 407 12100
34 If 110/90
105/85
3 - 1 .5 8 102 .20 503 9800
59 l a t e r  (4 m l/a in ) 25 - 8 .0 0 127 .16 775 6050
85 11 It 120/95 - 14 .30 112 .17 651 8150
109 If II 120/95 90 ♦ 6 .5 8 110 .22 505 10500
130 H II 125/95 104 + 7 .1 5 83 .22 386 13750
154 ♦1 II ^
120 /90PT in fu s io n 125 + 10 .82 96 .14 696 7450
175 " "  + 
PT In fu s io n 125 /95 + 16 .19 92 .11 823 6450
197 n 11 ^
130 /80PT in fu s io n 146 1 1 .37 85 .12 711 7300
219 la t e r  (4 m l/n in ) 120 /80 148 + 8 .1 8 103 .13 810 6100
242 II II 120/85 140 + 2 .1 7 77 .12 620 8150
266 II 11 115 /85 130 + 1 .1 3 101 .16 620 7950
HUT 0-20 G lu cose 125/65 3 - 3.80 50 .14 363 11250
43 II 7 - 1 .65 72 .15 466 8750
67 II 3 - 1 .96 79 el8 430 9500
90 l a t e r  (4m l/m in )
II II 125/65
15 - 3.57 56 .11 7700
115 62 - 4 .3 2 66 .14 8700
141 11 11 77 - 2 .3 1 88 .17 530 7700
163 II 11 88 - 2 .4 1 89 .17 540 7550
180 II •• 106 - 2 .4 7 77 .18 425 9600
205 "  "  ♦  PT
125/65
103 - 13 .90 120 .16 735 5550
231 ♦1 II 111 - 12 .70 92 .19 475 8600258
125 /70
114 *• 11.28 107 .24 440 9250283 124 - 10 .20 9¿ .27 362 11600
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fusion of water and this reduction started as soon 
as urine flow began to decrease that is, when he­
molysis began.
Inulin clearances: A  significant direct correla­
tion developed between the rate of urine flow and 
inulin clearance during the infusion of distilled 
water though it was not demonstrable during the 
control periods. Correlation coefficients were de­
rived in the same manner as for Diodrast clear­
ances and were similar. Prior to the distilled wa­
ter infusion the correlation coefficient was low and 
insignificant (r  =  0.14, n =  30, P =  >  0.1) but 
during the infusion of distilled water the correla­
tion coefficient was higher and highly significant 
(r  =  0.41, n =  41, P =  <  0.01 >  0.001).
The correlation between GFR and urine flow 
was not as close as that between urine flow and 
R PF  (Table II, and Figure 2 ).
Filtration fraction: This function rose in four 
patients and was considerably increased during 
the period of maximal oliguria. The maximum 
figures in the control periods were 0.23, 0.18, 0.17 
and 0.22 but in the experimental periods 0.35, 
0.21, 0.48, and 0.32 respectively.
Calculated renal vascular resistances: These re­
sistances were increased in all patients develop­
ing oliguria and were considered to indicate renal 
vasoconstriction.
Fig. 2. Relationship between the Change in 
Glomerular Filtration Rate (Cm) and the Change 
in U rine Flow in 10 Patients during the Intrave­
nous Infusion of D istilled W ater 
Cin and U V are both plotted as percentages of the 
mean control values (100 per cent) for each patient. The 
area included by the dotted lines represents the mean 
±  2 <r of all the control Cin and U V values. Solid circles 
represent the data from the seven oliguric patients, the 
closed circles the data from the three patients without 
oliguria.
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Fig. 3. Changes in Renal Function and Plasma 
H emochromogen Concentration during and after the 
Infusion of D istilled W ater (S ubject FER) 
Alterations in renal function bear an inverse relation 
to the rate of water infusion and are promptly restored 
towards normal by the injection of 200 units of Para­
thormone intravenously.
Plasma and urine hemochromogens: The plasma 
hemochromogen concentration bore no constant 
relation to the development of oliguria, the levels 
were no higher in the patients developing oliguria 
than those who did not. The amount of hemolysis 
depended mainly on the size of the vein receiving 
the infusion and on the blood flow through it as 
the infusions of water were usually given at the 
same rate, 4 ml. per minute. In general, the 
smaller the vein used the greater the hemolysis. 
The highest plasma hemochromogen concentra­
tions were from 70 to 226 mg. per cent with a 
mean of 142 mg. per cent.
The rate of infusion of water appeared to be of 
greater importance in producing changes in renal 
function than the plasma hemochromogen concen­
tration, for decreasing the rate of water infusion
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F ig. 4. Changes in  Renal F unction and P lasma 
H emochromogen Concentration during and after the 
I nfusion  of D istilled W ater (S ubject PA Y )
resulted in a prompt increase in urine flow and 
Diodrast clearance (PAT, FER, SMI in Table 
II and Figure 3). Increasing the rate of water 
infusion produced the reverse effects. The changes 
in plasma hemochromogen concentration after it 
became elevated were quite minor in degree and 
only once did the concentration fall after a tem­
porary decrease in the rate of infusion of water.
Oliguria was accompanied or followed by he­
moglobinuria in six of the seven patients develop­
ing concomitant decreased renal plasma flow, but 
hemoglobinuria was observed in the absence of 
oliguria or diminished renal blood flow (SO F in 
Table I ). Hemoglobinuria usually appeared when 
the plasma concentration was 100 to 150 mg. per 
100 ml.
Changes after stopping the distilled water infu­
sions: In the oliguric patients urine flow, renal 
plasma flow and filtration rate increased in the 
first period after stopping the distilled water in­
fusion and then returned toward, or to, the con­
trol levels (PAY and PAT in Table II, Figure 4). 
This reversal was significant within 20 minutes. 
A similar effect was observed when a solution of 
the patient’s own stroma free hemoglobin (0.7 per 
cent) in 0.85 per cent saline was substituted for 
distilled water (FLO in Table II, Figure 5). This 
reversal took place in the presence of unchanged 
or increased plasma hemochromogen concentra­
tions and often in the presence of increased hemo­
globinuria.
Effects of Parathormone: The intravenous in­
jection of Parathormone solution produced a 
prompt diuresis, a marked increase in Diodrast 
clearance and a fall in filtration fraction in every 
patient who was given it whether they had oli­
guria or not (ELL, FER, SMI, NEE, QUE, 
SOF, HUG in Table II, Figures 3 and 6). In 
five of these seven patients inulin clearances in­
creased considerably but in two (QUE, SOF)
(5 53 60 0^ lio  1^ 0 1&0 2I0 2^ 0 zio
Tim* in Minutes
F ig. 5. Changes in  R enal F unction and P lasma 
H emochromogen Concentration during the I nfusion 
of D istilled W ater and during the I nfusion  of a 
Solution of the P atient’s O wn H emoglobin (S ub­
ject FL O )
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PARATHORMONE
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F ig. 6. C h a n ges in  R en a l  F unction , and P lasm a  
H emochromogen C oncentration during th e  I n f u ­
sion of D istilled  W ater ( S u bjec t  S O F ) .
Intravenous injection of 200 units of Parathormone in 
100 ml. saline produce prompt changes in Cd and UV.
were unchanged and neither of these two patients 
had evidence of significant renal vasoconstriction 
or oliguria. These reactions were typically those 
of intense renal hyperemia and were unaccom­
panied by systemic changes. No patient had evi­
dence of abnormal sensitivity to the intradermal 
injection of Parathormone prior to the intrave­
nous injection and the renal effects appeared to be 
unrelated to any effect on phosphate reabsorption.
DISCUSSION
One of the most striking changes in renal func­
tion was the occurrence of a diminished urine flow 
and a diminished Diodrast clearance in 7 of the 
10 patients during the infusion of distilled water. 
A diminished Diodrast clearance was considered to 
indicate decreased renal plasma flow and this, in 
turn, to indicate renal vasoconstriction. Renal 
vasoconstriction did not appear to be a part of 
gross generalized vasoconstriction in our patients 
for there were no significant changes in arterial 
blood pressure or pulse rates. Miller and Mc­
Donald (6 ), on the other hand, recorded raised
blood pressures in normal subjects during similar 
experiments. A decreased renal plasma flow was 
not only observed in the patients with profound 
oliguria but also in three patients whose minimum 
urine flows were 0.25, 0.31, and 0.88 ml. per min­
ute, respectively. A statistically highly significant 
direct correlation between urine flow and renal 
blood flow was found when the data on all 10 pa­
tients were considered though considerable varia­
tion was observed in the data from individual pa­
tients. Though it has been suggested that urine 
flow may be influenced by renal blood flow to a 
greater extent than is usually considered (14) 
significant correlations have not been recorded 
unless there has been a great reduction in urine 
flow. Urine flow does vary with renal blood flow 
in the experimental animal if the renal artery is 
temporarily occluded (15), or if blood flow is re­
duced though the perfusion pressure be kept con­
stant (16), or if the kidney is previously subjected 
to 5 to 20 minutes of ischemia (17). The renal 
functional changes in our patients resembled those 
of post-ischemic or perfused kidneys.
Changes in the rate of infusion of distilled water 
were promptly followed by inverse changes in the 
rates of urine flow and renal blood flow in oliguric 
patients. Renal function returned toward normal 
when the distilled water infusion was stopped and 
4 per cent glucose in water substituted for it.
The efifects of distilled water did not appear to 
be due to impurities since the same water was used 
for making up all the intravenous solutions given 
to these patients in the three-year period during 
which the studies were made. Some patients did 
develop pyrexial reactions but there was no corre­
lation between these reactions and the development 
of oliguria or diuresis.
Intravenous infusion of distilled water led to 
hemolysis and some product of hemolysis may 
have caused renal vasoconstriction and oliguria. 
Hemoglobin and its degradation products, un­
known vasoconstrictive substances and erythro­
cyte stroma have all been suggested as proximate 
causes of acute renal failure.
It is difficult to attribute decreased renal blood 
flow and oliguria directly to the efifects of raised 
plasma hemoglobin levels. One patient had a 
diuresis and increasing renal blood flow, in spite 
of a rising plasma hemochromogen level, when a 
0.7 per cent solution of his own hemoglobin in 0.85 
per cent saline was substituted for distilled water.
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The appearance of renal vasoconstriction and oli­
guria appeared not to depend on the plasma hemo- 
chromogen concentration nor did urine flow vary 
inversely with it except in a very general way. 
Hemoglobin solutions have been infused into con­
valescent patients and patients with renal disease 
to determine glomerular permeability and, though 
plasma hemoglobin levels of 500 mg. per cent were 
reached, no instance of oliguria or anuria was re­
corded (18). Badenoch and Darmady (19) con­
cluded that hemoglobin was nephrotoxic only if 
a critical degree of renal damage had previously 
been achieved. Only two groups of workers have 
regularly produced renal vasoconstriction by the 
infusion of hemoglobin solutions.
The importance of tubular necrosis from nephro- 
toxins and of disruption of tubules (tubulorrhexis) 
from focal cortical ischemia (the ischemuric epi­
sode), in the pathogenesis of acute renal failure 
has been stressed by Oliver, MacDowell, and 
Tracy (20) in their excellent paper. They have 
discussed the importance of combinations of these 
factors and point out that many causes lead to the 
single entity of acute renal failure. It has been 
suggested that tubular damage may lead to un- 
selective back diffusion of glomerular filtrate. 
Such effects from hemoglobinemia or distilled 
water cannot have been important in our patients 
for the reasons set out in the discussion on the 
validity of the clearances and because the changes 
in renal function were rapidly reversible.
The intravenous injection of hematin into the 
dog induces changes in renal function closely re­
sembling those observed in our patients (21). 
In man hematin rapidly combines with serum al­
bumin to form methemalbumin but this does not 
occur in the dog (22). Methemalbumin was iden­
tified in the plasma of our patients by spectro- 
photometric and electrophoretic methods (23) 
and was found in the urine of some of them (24). 
As methemalbumin is regularly found in the 
plasma of all patients who have elevated plasma 
hemoglobin levels the arguments used in the dis­
cussion of the role of hemoglobin apply also to 
methemalbumin. There was no evidence that 
methemalbumin acted as a renal vasoconstrictive 
agent in our patients.
Amberson, Jennings, and Rhode (5) attributed 
the development of acute renal failure after the in­
fusion of hemoglobin solutions in two of their 
subjects, to some unknown soluble vasoconstric­
tive agent. Such a substance may be liberated 
during hemolysis but it must be relatively unstable 
for it appeared to be lost in a few hours at 4° C. 
during the preparation of our hemoglobin solu­
tion and most of those used by other workers. Its 
presence cannot be denied.
Erythrocyte stroma has been suggested as a 
major factor in the genesis of reactions to intra­
vascular hemolysis but Maluf (25) failed to dem­
onstrate differences between the effects of freshly 
lysed red cells and of hemoglobin solutions given 
to dogs. On the other hand the intravenous infu­
sion of homologous stroma into the rat (26) or 
mouse (27) is quickly lethal and the infusion of 
stroma into the dog has been reported to induce 
cutaneous petechiae (28). Small “foreign bodies” 
could induce local renal vasospasm and any vaso­
dilator might promptly reverse their effect.
The intravenous injection of Parathormone re­
sulted in a prompt diuresis and renal vasodilatation 
in every patient to whom it was given. The exact 
degree of renal hyperemia could not be assessed 
as there was some “washing-out” of inulin and 
Diodrast from the oliguric kidneys. These changes 
occurred regardless of the presence of oliguria and 
renal vasoconstriction and were usually maintained 
for 40 to 60 minutes.
The effects of Parathormone were not found to 
be related to any specific effect of the hormone on 
the tubular reabsorption of phosphate and could 
be elicited equally well with an autoclaved prepara­
tion. The effects appeared to be of a non-specific 
protein nature. It is important to consider this 
renal vasodilator effect in the study of the effects 
of Parathormone on the renal clearance of phos­
phate.
The data reported here indicate that some pa­
tients receiving intravenous infusions of distilled 
water, and having intravascular hemolysis from 
them, develop reversible renal vasoconstriction and 
oliguria without clinical evidence of systemic car­
diovascular changes. Profound oliguria did not 
indicate that structural changes had occurred in 
the renal tubule cells and that function could be 
restored only after regeneration. If this type of 
renal response was due to intravascular hemoly­
sis, and not to the infusion of distilled water as 
such, it could be a determining factor in the gene­
sis of acute renal failure. Renal vasoconstriction 
from hemolysis could be converted to severe re­
nal ischemia by mild to moderate shock induced
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by the reactions to mis-matched blood transfu­
sion, Cl. Welchii infections, or blackwater fever. 
This could provide a partial explanation for the 
irregular incidence of acute renal failure after 
intravascular hemolysis.
SUMMARY
1. Intravascular hemolysis has been induced in 
10 patients by the infusion of distilled water into 
a small peripheral vein while renal function was 
studied.
2. Urine flow became directly correlated with 
renal plasma flow (Diodrast clearance).
3. Profound oliguria and marked renal vaso­
constriction developed in seven of the patients but 
both rapidly disappeared when the infusion of 
distilled water was discontinued.
4. Oliguria and renal vasoconstriction could be 
reversed rapidly by the intravenous injection of 
Parathormone which caused renal hyperemia.
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